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[a] specific rotation

Ac acetyl

Am amyl

Anal. combustion elemental analysis
Aq. aqueous

Ar aryl

ATR attenuated total reflection
BARAC biarylazacyclooctynone

BCN bicyclononyne

Bn benzyl

Boc tert-butoxycarbonyl

brs broad singlet

Bu butyl

c concentration

°C degrees Celsius

caled. calculated value

cat. catalytic amount or catalyst
Cbz benzyloxycarbonyl

cmt wavenumber(s)

CuAAC copper-catalyzed azide-alkyne cycloaddition
o chemical shift

A heat

d doublet

DACN 4,8-diazacyclononyne

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
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double double doublet

double double triplet
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dibenzocyclooctyne
difluorocyclooctyne
N,N-dimethylacetamide
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3,5,3",5'-dimethoxydibenzylidencacetone
1,2-dimethoxyethane
N,N-dimethylformamide
cis-2,6-dimethylpiperidine
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double quartet

diastereomeric ratio

double triplet
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
electron impact ionization
equivalent(s)
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ethyl

flash vacuum pyrolysis

gram(s)

hour(s)
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hertz
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N OAETE 2 BN LT E Tz, IFEITAHE EL 00/ 7 — R ke EORHIMBE D &
WERRENESY ORI S %5 L TR 0, BUEIZ e > TH A DAEICH 2 5 BT
HILR, 2O XD RARLEWIE, FITRFE —KFROILARENO) L>TWD
ZEND, RE—RFHEEIVRT 2 FIEOBEIENICHED STV D, RIS
R 2Ky 7Y T ROGEE DRI ZRBITEH Y, (LEMOFE LR R ED S F
S ERGE CEEEOEOVIGE LTSN TWD, Zhicxt LT, A BIRO
FOSHEZ @D D Z LT, RFE—KFBMAZEHT DFEMONATWDS, Fl2iE, 07T
Hu AT DEROEES 1L, OFTHOMEZEE /) & LT, IERFITm WIS E R~ T,
RUBUVDTERAED O D, DL ORZEHBEEIT RSN A L, AREAEE T
LD ZHEEERNICET 72002, ZHEARRUGMEZ R L, FAEESLERIIEH 2590,
INETEHEBIEHRCEDOERIIE AN TE T, —J, FRICERNIC ZHE
AR L —E A EFT D, BiEOY 7 a7 vdoevsar Lk, SuUdg
EHERT DL, WEEREFIIDR L, MEBLHENL TS, T7bb, kDY
a7 xR RO REIED L SR, AR T U LBOSHIZ 1L T & D e,
HRRDOT RN X —ZF AT 2 HETH Y, 4L Lo h iR E SRR 5 2 &9
HEECH 5, Fiz, LFRRARIEALELE LT, FAH#E T A 4 v OBk % FI
HLEFELRESN TV DN, BETHLV IV ) — L N 75— NOERRIZELEL
P& 2925 Z LTI, BReE LS NIZABMED GRS REE TH 2 72DI, JSHIZIEA
& ThD,
UEDEFIZESWT, v 7uaT k0077 ez L e@iin-o, &L
FBCRAEIELIFEORENRI RO LINLTND, 2O OFRELTUEICHEESE D
ZENTRE L L, OT AL ER G ORIGCHEZIED LT, S RHISHIZIT TRE
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TRENCREME /R B ARG T 2 R0 & T DT e R R IR O RIRU TN 2, n R EHIRFE S
D BEREVE ) DVERYE D ) R T2 2t O FH I E T X 2 L #iff S D,
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JRANSFIZ OW TR DENCHIIE R D BT E 2L, T 74 E, mWREFHICHR
T %, Diels-Alder BGZ T U & LT & F SERMIMBEEIES, REEAHINBOG % 28 5
IEZTZERMONTNWD, £72, 774 VOREE LT, OTARE 2 DDORFEEZH
T 520, REMMBISICHLS, £ LT =4 OREBEFANC L DHMIRICE->T, T
Ry FC2EMEERMETE2AMMELMATRY, SEIEREED O ERIZK

(B 72 E 2 57 L C & 7=(Scheme 1-2-1-1),
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Scheme 1-2-1-1

INETIERUYPA v (MERESEDLHIEL LT, WHEREL AT 55FEREOA /L K
MaTEMALT 2 FIENZ B SN TE 2, B2, - m_rBr 2Tk, VF
VAT INHART TR TN, TAXNVYFULREERNDERE—a s R
L0, BEEETHDE D —HDOAa s ) EOAN MICT =4 2 AR S 5 HIERE
<MMBEIBILTUV S (Scheme 1-2-1-2) 2, L2vL, ZO X I R&E— ar o Szt s
NRUPA ORAEETIE, WHERELTHWET ALY F T AR, ELTERUPA

& U ORI 2 BIER 8 - 72,



Li/Hg, Mg
or

Br n-BulLi Mtl
L —| 0 |— D
X X

2 3 1
X=F, Cl, Br

Scheme 1-2-1-2

1991 TR SIE, FU 77— FEEBEEE L T RERETONCY A U REE
WLz, T72bb, 23— F7==L ) 7F— @)X L, —78°CT, n-7F/LY
FULEERHESEL LT, &R X oL DT =4 5 OAERE Y 7T —
NEED B -BLBEAHSCIZHEIT L, R WA )34 T 5 (Scheme 1-2-1-3) %, F 7=,
Knochel & I13AMY 57 A TiX7/2<, A V7 vV Grignard KKSHNZ K D8R —

LAY, AT — N kB LR AR BRRE LT

e i
OTf THF OTf
-78 °C, 10 min
4 5 1

Scheme 1-2-1-3
2013 AR BIX, ANVMLC N 79— EEAATHT U —Ldhn Ry a—

VT ATV GICKTL, P FNT—FT VT T FNLYF T LBEHESESE, 7—

BEIR T R L s, XA U ()RFAET B Z & 2l L7=(Scheme 1-2-1-4) 4,
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OTf Et,O OoTf
~78 to 25 °C
6 7
Scheme 1-2-1-4
T, "\a U LD TIINRL, 0- ANV T 4= AT V=T R8T 5, A
NEFX Y =<7 32 AW ERH LT A o )OFRAD, &IHIC L0 Es

S #U72(Scheme 1-2-1-5) %, T4, MIAGIZLY, Y 77— FEZRBEE & 3 2 Rk

FENRFE SN TND e

0]
I
S MgX
Qe 2 O — O
Br THF Br
rt to 60 °C
8 9 1

Scheme 1-2-1-5

1983 /MR D 1, WRIEHETH D T VXL Y F 7 LK Grignard SGHZ LB & L7
WV, XU URERERRFE LI, bbb, 22U AFAVI LT 2=V N T T —
FAOZK L, Z oA A L LTCT NI TFAT U E=U LT AEY REEH S
He, VU= b 1 ZRRE L TRUY A )3 FET 5D (Scheme 1-2-1-6) 5, =
DIFEL, TARL 7 AA A DEmWBAEEZRIN$ 2 Z & T, BmfiAE VLl

722 TTE LD b, IBMRRME TR A ORERARETH D,
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rt- 60 °C
10 1 1

Scheme 1-2-1-6

SHIT, VTV = LEOGRERD BRI A R EES BTV D,
1962 -2, Wittig HlX, 123-X Y FT7 07V —)-1,1-VAF T RAQDBEKRT 5 Y
T =N B L, BRE B ONBEE & b0 nh, XA 1)
IAET D Z L AW Li=(Scheme 1-2-1-7) 7, ZHLEREEIS, 72 b7 =/VER(14)DND
ERTHUT =0 A5 b, MG T SE2 2 & T, TR b & RN

BRBEL, <> ¥A ()23 U 5 (Scheme 1-2-1-8) &,

N
N, Ne
S’N ° © |
pN 10 °C SO,

12 13 1

Scheme 1-2-1-7

\(\/NO o

COH  HClaq. o@
S o] O
NH, EtOH NS | 40-60°C

0°C N
14 15 1

Scheme 1-2-1-8
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Flo, 1-7 7 R_RV R U T Y —6)CxT LT, VUEERRSNS° NBS % H\\ % iRk 514

2k oT, RUPALUMPFREET D Z EHEBIL T H(Scheme 1-2-1-9) 9,

» Ch
N  Pb(OAc), N D)
\\N @[ — = (‘-\. — > ©|
N benzene N\) N’/NH

\

NH, | HN\Rb(OAc)z ] i ]

(OAc

16 1

N NBS (Nz

e @c —Chis—
N CH,Cl,

\

NH, ' HN\ i |
16 1

Scheme 1-2-1-9

NRUPA VERREIEDLHEE LT, TV —Ana ATkt LT, AL MLk
Ta N ERLFELVDD, Thbh, JAadaXrBrAnes na XU A8)I
XL, BHEL LTHRY FULRISHIZESEL Z LT, AV MIoli7Tm Fr& B
MBEZ T, N PA U ()D3FEAET S (Scheme 1-2-1-10) 19,

PhLi
H Et,O, rt Li
——| L |[— O
n-BulLi
17 X=F THF, -78°C 19 1
18 X =ClI

Scheme 1-2-1-10
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Fio, N7 T — NEEBBEEE T A0 0 b UoRAEELRESNLTWS, T72b
L, VAVT LT IAHET, 7==/L ) 7T — r20)IZX L, LDA Z/FH St
HENRILS AR A OB ET D, ZOBE, KIGRTDT 2 U in_u A TR

4252 & T, NNN-A VT nnrT =1 22)53 5% 51 TS (Scheme 1-2-1-11)

L | L, | — @l @ T
oTf THF/i-Pr,NH oTf

-78 °C
20 21 1 22: 67%

Scheme 1-2-1-11

ZOMT e R BIRARUY A CREICB T L OO E LT, BAET LUV A
H AR ORISR L OY, R U A AT 2 SRR ONLEIRFER & 5, ] 21T
m-b U 7V AFT FLm 230K L LDA Z{ESE5 L&, 2 O YA 2 24
B 2BBBAEL, ThENYA Y7o EAT I VOREMIMCEVEENnD, =
DEE, XYL 24 BIOY 25 ITEIBISHENENEN 2 » T D72, REKEIC
EoT, AFNVEDONIKIEEITH DS ODRMINZ 3TEDOT =V > 26, 27, 28 155

LTV 5 (Scheme 1-2-1-12) ',

Me
Me )\ J\ MeY Me
H LDA 24 N N
oTf THF/i-PryNH Me N
v -78°C PY N
23 \(
Z2 26 27 28
25 ] 0.2 : 3 : 2

Scheme 1-2-1-12
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1-2-2. 754G ZREWN =& A

T IAVFOTARZEESICHET D, SRR OBOERISIEEZ TR0, SREAE

MPECEATETRIETH D, 774 P ZTREROEE LT, MINBRIEED &

%o FHZ, D FPTOMMBLEIRII SRR B & —RITHEL T 5 L TR MR Tk

Th s, HlziE, Buszek 1T THICY 7 o~ oo o8 a AT A7 aEX P

BB 29 (26 L, LDA ZHWTT 74 2 30 Z34AESH, #i 5FHNARIINER{LK

il ko T, ZBREEKREAET D 31 OFRICHKTILTWD, kB, Z O

pseudopterosin A and E aglycon (32) D424 HUZFI ] & 4172 (Scheme 1-2-2-1) 12,

THF
~781023 °C

29

OMe OMe
OMe Q OMe
Me * H . Me
o) Me o)

o

pseudopterosin A and E aglycon (32)

Scheme 1-2-2-1

£, TIAVPREITRICOT TS, OFALZEESISHT oREMNME, AT

2T =& ORBEAANC L DRI, TEROKY GO 2 Bz BEREAETE 5720,

ZEMGTHERICEWEENT 2 FiELE LT, BELS OSSN TW D, Flzid,

Barrett (X7 VA BB UFEKRI T T A VRIBEALE LT, A ¥ UL Grignard X
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JGH 34 DIFAET, 7542 35 Z2RESETW5, F0O%, 34 ORI AT
TV TR AFE36 IR L, TRFUTATE R3THEIMZAHZ LT, 794
D2 rFTOBEREALERRHIAIT O, 3 oIS Z R L TWD, 728, ZOMIG

I L RIRY) ent-clavilactone B (39) D24 L IZHI H & 4172 (Scheme 1-2-2-2) 3,

OMe  hBuli OMe OMe
F THF, -78°C |
th
HoTen A’/ MgCl

IM
OMe CIMg OMe OMe
34 | |
33 ~7810 25 °C 35 36
0
Hm
(6] OoM
OTBDPS
37

THF, -78 to -35 °C

65%
38 ent-clavilactone B (39)

Scheme 1-2-2-2

£7-, Garg b, BEEFE2ELT 74 ELT, 2342 T4 @0)R° 451 >
RZ A (@) & BRI W T, welwitindolinone <° indolactam 73 & 0 Kk % 424 ik
L T 5 (Fig. 1-2-2-1) ¥, il z21%, (-)-N-methylwelwitindolinone C isothiocyanate (45)7 4
BT, T4 VAR THL T rEAL L R—L 42 ZxtL, T RY DAY I REE
MEE, AV RIA4 43 Z2REIETOL, FRICER LTZH TN 77— FOKRE
MBS L - T, B 7 v[d3.1)8H 5 AT 25 44 DG L TV % (Scheme 1-2-

2-3),
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2,3-indolyne (40) 4,5-indolyne (41)

N-methylwelwitindolinone C

. . indolactam alkaloids
isothiocyanate

Fig. 1-2-2-1

NaNH,
t-BuOH

Me
THF, 23 °C

46%

42 43 44 N-methylwelwitindolinone C
isothiocyanate (45)

Scheme 1-2-2-3

T, TIA RS E S ERBEAFTEFBRACKFEPAH) T 5 n R OILEIC
bR S TS, BlAE, Guitian HI1E, AEEEARE LTHWSLN LY Lo OfFE
ka7 T4 2 & DML EOSIZ K> TEM L TV DB, 72bh, Y& LT 18-
CIZVINFTHZL46)EHWD, 910-7 =F L FTA @8 D R BIAINERL K
SR &, USRS BAKIZ K > TRY L UgFEIk 50 2 {8125 R L TV D (Scheme 1-2-2-

4)o

17



0,
53% 48

) v L) o ()
e
0N, 770 Mesgsi O CHaCN O
46 47

Scheme 1-2-2-4

BT, T 74 ORI LRI & 28R =8tz V560 6 ZEHE i
THY, Guitian HIE, 22 DFFEVBMER LIZT /777 = 53 DERITHEI L TN D
B ok, ULymbEaMRLE 2.2 VLT U=V kU 7T— | 51 pERASETE
T T4 52 ORI =B{LART, 53 DERAER L TV 5 (Scheme 1-2-2-5), ZD K 9
2T A 0F, EOEWKIEEEENT Z LT, T/ DR MEOED LR n

HBAEEDILRIC b RS I F 2 R LTV D,

| O
cat. Pd,(dba)s ‘
CH;CN/THF
R

46% -
51 52

Scheme 1-2-2-5
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1-3. /A7 IL%y

1-3-1. 907 LEXUhHEORERLEE

MEMiRDE OF AL LT 7 a7 xR’ b T4 (Fig 1-3-1-1) Y, 8 B
BULEOY 707 0F TR T THHAETHLOITK L, —#E2ER< 7HELY
INEWT 7 T vF T, Sl TIEBEERNEE R RN ETRETH Y, T T A AT
D2 OB ORI EER R, FREOFHmE LT, v~ F U (85)IE—T75°CT 1
B LN EITAFETE T, 7 maF v (542> TIE—110 °CTHEF LE

FETERNIT LS FEEHLH D,

o O O

cyclohexyne (54) cycloheptyne (55) cyclooctyne (56)

Fig. 1-3-1-1

VI UNF LRV a T F U OREICET 2 WEGNL, TIA LTS L,
FEFNDI N ERETDOY 7 a~F o o0 anTFoOREEZLUTICELD D,
Bl 21X, MBEEEZ AT DHREO a fLEIEMHE(LT D TiEE LT, Witig HiE, 1961 42
12-7 aE 7 a~nft (5T 5 Grignard S EFIH LT, 7 mad i (54)
RS STV D (Scheme 1-3-1-1) 8, 4 & [ X HEEREE /2 7 o ~F o U %2 13-V 7 = =
A VX7 T (58) & DAL S Z W THiItR L, *HST A 01K 59 %

I3 50.5% T TV 2,
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O ——| O |—— 1
_— _—
THF

Br
reflux Ph
57 54 59: 50.5%

Scheme 1-3-1-1

£, TAXAVIVFULIL LB — a7 U RBERIA LT FEb b Tn D,
Wittig H1%, -7 0E2-7 )L An s 7 g~k (60)2xt L, n-7F LY F o hzlEH
SHEDLHE, T unFUUBHNIEAE LT LA LTV S (Scheme 1-3-1-2) ¥, Z D
T, AL LTHWORIE - T F LY F LN T anFt s U (SHTKREBET S &
EBIT, ERLIZAEY F UL 62 DEWEIGHEIZ K-> T, IS EMEEL T D, T
b, HIICAERLIZ 6213 9 —DFDL 7 a~F L AL 63 %0, FEo T

DEREFE NS ) F LA L2 64 N ERLIZEHEIN TV,

F n-BuLi (IF ©|
— —
THF Li

Br
-70 °C
60 61 54

(In-su (In-Bu [@lJ B

Li
64 62 63

Scheme 1-3-1-2
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Fo, AMESRBRISHZRWD FiEE TR, Willey HIX 1964 F12, R 7T
J MUY= 65 1Tk L, KT, EFE201FEMBicE5Z2 T, v aaFy
(5S4 DFEAEIT L LT 5 (Scheme 1-3-1-3) 2, i S FRT7AF U gHlE LT, 7 b

T 2=y ) (66)% FHWT, BILIK 67 25T\ 5,

Ph
Ph
]
Ph Ph
Ph
N\ hv 66 Ph
N —— | |
N 1,4-dioxane Ph

NLiTs  35-40 °C Bh
65 54 67: 54%

Scheme 1-3-1-3

1998 AT Guitian BTN WA ORAELEIHU S D, 2-F Y AF v rx ) —)b
U 77—k 68IZxfL, 7 vibthyA F % A% k%910 T L7 (Scheme 1-3-1-
4) 2, B, 0B 69 EDIRIZ L > T, “RRLIRFEORIBEE & bR WRn G, T
FZe Rat 7212 70 25 C05, ZOHFEE, oA IR 7 Rs4R:
ThD, HHEEILIEEICEN, K7 L% U RISHI OB bW -0, AHARTF
ETH D,

o COMe
o =
@iOTf CoF : | 69 : : CO,Me
SiMe;  1,4-dioxane

90-100 °C
68 54 70: 82%

Scheme 1-3-1-4
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F 72, 2006 4EIZ Banert b, TV UBKEETLHEE 71D, BN E HWT

BR2GTEMBESED, V7o~ 38 4EE% % L72(Scheme 1-3-1-5) %,

Ph
S
O/
Ph
b —— | O =T
_— _—
v CDCls
40-60 °C Ph
71 54 59: 86%

Scheme 1-3-1-5

F72, MEDIE, 22ALVT 4=y a~T T =)V ) 75—k 72 1ZxT D ALK
¥R~ IR LML, )T T NEOHEEHC L - T, 7TEROY 7 m~TF
YS)DFAEITKI LTz, ZOHIETIE, 7Y RN, DT AZ = tha il
L DRTNFISHIDEMATRETH Y, A Y F U LRUSHI 2 AW D 1EKEE &,

K VIRMAREMETY 7 a7 L U B3 AETE D TETH H(Scheme 1-3-1-6) 2,

Q:OTf — Q| = QIN\
_ S \N

-tol ’
sP THF N

O 0°C Bn

72 55 73: 91%

Scheme 1-3-1-6

iz, B2 T U RO AR W TES 2, OTAEYZ7a7 v s

TR Z A SED SESERTENRE SN TNDS,
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Fo, 1@ 7~ 20D 7 a~d o OREFLHESINL TS, #
Z1X, Wittig =° Roberts HlX 1-7 a7 a2 (1HICXL, 7=V F U AL
KL LUERESED L, BT m b &I, kA 4o o B-IEER#EIT 52 8T, &
7 N (5N FAE LT & #AE LTS (Scheme 1-3-1-7) 8, Z DB, FAELZY 7
BAF U UGEHIH LT, MIGRFDO 7 2=V ) F U LARREMNT 28T, 1-7

=T aantt (15 EIE 1% THTWD,

H PhLi [:::]| PhLi Ph
—_— —_—
Cl Et,O H
100 °C
74 54 75: 1%

Scheme 1-3-1-7

BEHOIX, 33— RF=oxsbE&d®W 76 O3 — RRUBUZBEESEAZ LT, v/
ANE T DIEAZER LTV D (Scheme 1-3-1-8) 27, Z D HiESL 7 v bA A v A&

HEAE L RERID, AR Ty 7 a7 X U RANHRETH 5,

H AcONBu4 OAc

(Lo oo | U/ (X

el% CHClg H
BF, 60 °C

76 54 77: 50%

Scheme 1-3-1-8

Fo, BT 7 und o2 TR, BRRESAT e RF 2B 6 BRI 70T
X ANAZONTHE L OFEN LTV S (Fig. 1-3-1-2), 2014 4EIZ Garg H 1, EHF %
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G 6 BB 7 uaT XL LT, 34-E0 A L (I8)DIEITKII LTS, £,
[A4E1Z Danheiser & b BMHARTH 5 23-B°RY X1 (792 HE L TWDHE, &5 ITEFE
A %EhT 344X 7t @80 2016 H12 Garg HIZ L - THE I 7%,
B, L0 r/aT X AXTRTC, YA =L YT T —NMIkL, 7ok
WA F B ERESETHRALTWD, LY EEICERE SN 7T % L LT,
2018 4RI Li B, 7 uanFt=_ v 81 OFRAEIZHIIL, Hili7zzr 7 a~F v L

UL, SRS EZ RT 2 EZ O L TV AL

0 0
RO MeO
O O O S0
Cbz/O N © A
Ts

3,4-piperidyne 2,3-piperidyne  3,4-oxacyclohexyne cyclohexenynones
(78) (79) (80) 81
Fig. 1-3-1-2

PUEDXIIE, ZRETEL DY T By U HRHKOREENPERIN TN DA,
INOOFRAEIIFIREL 200OEDNH o127z, 774 L L THEEA~DIEH
PENTWD, 1| DHOMBIIE, EEREEEGRIFT oD, FIzIE, XvPFaqr
DORIBFMETH S 2-FVAFALL VLT 2= ) 7F—F10)ZE, 2-70ET = /) —)b
82)% T VLT —T N8I~ B L I=DOHIZ, &JF— a7 U iTH <, L b 1 Brook

HANIZ K0 2 R CA T 2 TIEM N S 41TV 5 (Scheme 1-3-1-9) %2,

n-BuLi
_ THF
@OH HMDS @OS'M% ~100 to —80 °C: @O”
Br 80 °C Br TH0 SiMe;
~100 to -80 °C
82 83 10: 92%

Scheme 1-3-1-9
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—7J7, Guitian D OFAEIZB NV THELE LTHWLR TS 2-FY AF 1) rx
J =V hU 77— | 681%, GAKIC 4 B % E9 5 (Scheme 1-3-1-10), T 7205, 71
AFE ) @YD T RENDODE, DAR=VEDT v E— R, VL, BiRE
LD, 22Uy Tantt ) 8T ~EENTND, =/ 8T % 14k R RiE#x
L, #LEEYVF UL ) T—F DO M) 7Y MKIZED, 2-F U AFAT YLz ) —)b

FUZ7F—h 68 N EHILTUWA,

B, HOCH,CH,OH o)
(jo Et;N (;/EO p-TsOH+H ,0 ©5/>
P ——— O
CH,Cl, Br benzene Br
0°C fl
84 85 refiux 86
98% 96%
n-BuLi L-Selectride
THF, -78 °C; (;/[0 THF, -78 °C; (IOTf
Me;SiCl SiMes PhNTf, SiMe,
rt ® —-78°Ctort
then H30 87 68
38%
72%

Scheme 1-3-1-10

8, Blt, MAFRETIE, 7 b 1B TERTED NI =F L) ro ) —L
T—7 V88 HHHEL LT, LDA & 7 h¥ T H U v LADORAGHEIIZL D L k= Brook
Wafr e, A7z 7 —F 90 DR VAL Z L5, v 7 v 7 3 CHIMA 92 D772
B RRE A LTV D (Scheme 1-3-1-11) 3, F£72, Garg b b RIFFHIC a (Lo 7 n w54
BTHVI NV ) —LT—TN93 % E L LT, L e Brook i ##RHT 57 1

TV F CHIBMA 92 DGRk A e LT D (Scheme 1-3-1-12) 34,
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3

rt
88 89 920

H,O
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Cl XN
| o
SiEts THF SiEt,
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Scheme 1-3-1-11

. . )
OSiEts  g.guLj OSiEt; 0] PhNTf, OTf
Br THF © SiEty | THF SiEts
-78 °C rt
93 94 91 92: 97%

Scheme 1-3-1-12

F7-, WEARNEEREAEHE LT1-7aayy a~xt (14)% 05 HF1ES
HINTWVDA, ZOKMTIiE Scheme 1-3-1-7 TH/oR LI L H1C, AL L THW -7 =
=0 F o LARREAIE LTHIEMT A (Scheme 1-3-1-13), Z 0 K 5 (25t Z W5
FONGMHTIE, AWk E v 7 a7 L ORIKISEIHIT5 Z ERREETH - 7=

2%, WRHEESK S, WEORMMAZ S LTV,

Cel

Cl PhLi PhLi; H
(K —— (B — OD (I
o
Ph
H\ nucleophilic
addition
7 Ph—Li Ph— L| &

Scheme 1-3-1-13
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Lk, TRETICEZ DT 7 a7 AF rOREENBEE SN TEZR, RMRK
IGGETHL I T ) — NV Y 7T — NERHWDFIEICE, EEOABICLER %
EFHZENFERE Y, GEROISHICIERRE Thote, £z, WMLV
7u b URRATEICE, WA RISRERSLETH 5O, VDA R
RIDOEORSIEICH KT D, 7 a7 F OB ERVRBIEBRZ T 5 2 &

WEETH D, LW IrBERERSN TN,

27



1-3-2. /07 )L FoHE@EZERAW-ERHGRA
6,7 BEROT 7 a7 NNFX NLT T A v EFL L T2 24872 ROEHE & /<97 (Scheme 1-3-2-
D, BlzIE, Yo lDE+R2], = hrrRT Y REDBR2], FT v IAT R =L E

DORL2VMMEBRALSISITIN 2, EB A AL 2 Wz =8t b s ST 5,

cat. Pd or Ni
[4+2] AN /

P16
Ph eo.N\t-Bu RO\[rOR OR
54 OE"OR

| N—tBu
[3+2] [2+2]

Scheme 1-3-2-1

Flo, v aanF U U NRRE UK &l —fl & LT Carreira & O &2 21T 5,
HolE, a— R=UMbEM 167 NERAEIE 7~/ (0)E, =7 77— 9
& DRI2FIMBMERIG T > TWD, BHNTZ 971X, /T HNAR=IVZEFET, M
BUZEIVBHERL, BRIy 7 a~t v U N 95 1A LT, MBREHKEAT 5 98 DE
BT REI LTS (Scheme 1-3-2-2) 35, 7235, 5 ONTALEWITEDHDOERIZ LY, K

SR¥) guanacastepene O (99)~ & FHE I N T D
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Me Me —78°Ctort L Me
Me 76
95
[Fex(CO)ql;
DBU
51%
3——¥3 Q
-
Me Me
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98

guanacastepene O (99)

Scheme 1-3-2-2

F72, DuBois HIZ/XF T a bF v EH@D 5 BUEEEOMBEDEEIZ, 772 100
& @ Diels-Alder ISIZ LD, S F IERFRBOERKZ HE LT 5 (Scheme 1-3-2-3)
B H1E, WMDY ) T 4 E LT, 68BLN102 HRESET 7 ok

VRTIAVHBHANWTED, HIHO SEMEEEY 101 & 103 2 SR TH TV D,

SiMes CsF
oTf  CHaCN,

99%, >20:1 dr

68
SiMeg CsF
+ —_—_—T-
MeO oTf CHACN, rt
8BS 90%, >20:1 dr
100 102

Scheme 1-3-2-3
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Scheme 1-3-2-3 D X 512, HEWEMEZ RT R OEELAIFEICE T2 Y — MEaw
IZXF LT, 77X EDORINIEY sp® RFEFHEEAEANTHZ LT, 3 R
MG Z LR TE D, AU, SERACHEHME R AR 7 2 1R & T 2RI W TR
ICHETHY, 774 oMo GFFBFEEDZHNTHHERTE RV, 2D X1, sp’
RS O AR D IS O E G NIED RO BN TV D ABRICE W T, JUSHEICET > 7 7
TR AIAMLTREETH D L HFFTE 5,

Flo, SERIVKREWVWT 7 a7 XL, FRTHEEETHD & b, BOT
BbBETHID, ZORIGHENRER SN TWS, FCEEARRISE LT, 7Y REOf
IMBALEOSAE SN T WD, A, $RTAF L 7Y FEDRIETIE, LT =7
L7 EO&ERBMBEAEVE LT HOICK L, 7t F o EDORIETIE, T O
DEREN ) & 72 D72, BJRAMEIEFE T CHHE#ITT 5, ZOREEEN LY I nt s T
VERI, BEDOS TR E SR ITF A Y — e LT, SROEENMEE RS I v
NA Fa =38 8T, L < HO BTV A (Fig. 1-3-2-1) ¥, EERIZ FIX O DIFO
104 ° BCN 105 13, ARG T CTHOREGBICT UV REEIG L, & V37 B0l & o

TR RINICAT ) ZE M TE L L HESH TV D,

N
o] H v Bio- Y °
HO,C R molecules
2 “oH

DIFO 104 BCN 105

Fluorophore

T

Fig. 1-3-2-1
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1-4. ¥9O7LY
1-4-1. HOF7LUhREDRE®

W, BOTHISTREE LT12-v 7 a~Fxd oo (7 a7 L) 106) %% T
% (Fig. 1-4-1-1) B, ZD 12-v 7 a~FH TV by 7 a~f o ombE, |iIECrREgE
N2 F ERLERTRERTH D, £z, 7 a7 AF 2 LB L T2 O3RAREH]

%, LD THR L, BEMIZEN IR TV D ROSH AR T o % (Fig. 1-4-1-2: Web of science

Q)

1,2-cyclohexadiene
(cycloallene)
(106)

2 CHiZR: 2020 4E 1 A 6 H),

Fig. 1-4-1-1

Publications of strained intermediates 808

800

W benzyne (Total 2402)

683
600 522
u cycloalkyne (Total 312)
0 cycloallene (Total 46)
200 118 154 11 . o 104
6 11 14 13
, 8o _ o W= [ ] ]

1951~60 1961~70 1971~80 1981~90 1991~2000 2001~10 2011~19

Fig. 1-4-1-2

Wk 7 a7 L HRAD I AR OV TR D, 1966 4E(Z Wittig H1E, 1-7 2%
a0 L DMSO T 7 by v AZEREESDE 12-3 71

ANHH DI (106) 334 LT & #1D Tfds L7z (Scheme 1-4-1-1) %, £ 61%, 7 v~
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FUURER 12-v 7 BAnFH VU 13-V T 2 YR T T (B8 Lo T

L, *Iad DAMER{LA 108 2 UXZR 37% T T\ 5,

Ph
-~
o
—
H Ph
SN uiiNg s
DMSO
40 °C H o
107 106 108: 37%

Scheme 1-4-1-1

T, AN OFEAEFIAT 2RAELHFE S TEY, Moore X Moser H 13 1970
T 6,6- 7 BEETZ [3.1.0]F A0 L, AFLFULEBERSYE, 7
HEHRED oML L T HINRCDERERT, a7 L ORFAELEERL T
% (Scheme 1-4-1-2) 0, 513, 1,2-7 7 aA~FH T 106) & AT L2 L OR22)INER

EEOSIZRNT, SIST DM LA 110 2 SIRTEHE 2 5 Z L 23 LT 5,

Br MeLi [::j Ph [:::I::L
Br Et,O
2 Ph
-15°C
109 106 110: 76%

Scheme 1-4-1-2
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Wentrup 513 1983 FEIZE > 7 1 [3.1.0]~F V- -6-H LR =/L7 U KU1 5, B
FoTrHr T U ZRBLTHONLRVEZRAESED Moore b ERFEDFIELZHTEL TWD

(Scheme 1-4-1-3) “,

cocl —> (:] — (:FIij
800 °C

4 H
10™ torr
111 (FVP) 106 112

I

Scheme 1-4-1-3

2009 FFITIE, 7 oAk A F A WD IAEERHTE S, 7725, Guitian X Garg
S5iX 6>V /) —)L v 77—k 13 1Zx% L, TBAF 2 ED 7 vAbA 4 % v,

a7 LR IRRR S TRAESE D 2 EITAkE) L7 (Scheme 1-4-1-4) 42,

SiMe3
ij‘”f =0 )
THF :
113 106 112: 78%

Scheme 1-4-1-4

b, ZNETIZEEZL D7 a7 LU AEERRE SN TNDD, ML TH D A
FAVF LR, @ikaGBE e T DR OSEENRZ VN, £, Guitian X Garg H1Z
Io#gEsSN TS 6-v U v ) —L v 7T — hEaRERE LT, WEARIEMET
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1-4-2. o072 @z RAV =& A

I aT L ARHIOREN e SILTLOR, ZOMESCHBEROFESX T V71—, K
JEPERER SN T&E 72, LavL, ZoHhmEE, FmavaE < Bl RNEER 720, Bimn
IREHRALT 2 AV TRFZED AU T & 729, il 213 Johnson 51X, SCF % (Self-Consistent
Field Method) ZHWT, 5 BEBRD 12-3 70X 2020 BLY, 6 BEBRO 12-> 70
AFY U U PRIROEEICE LT, BIRT L UEEOKERICE T 5 =R L X — R
724, F72, Garg bh 12-v 7 u~t ool = ha s OBRMINERLISIZ IS
D SO %, DFT 3HR & SUSORSREZMAGDE D Z L THLENZ LS, T, 3t
FALFZT TR, v a7 LUK E EEOA IR 2 81238 E S hsd T
%, Garg HIEL 2018 4EIC, BHREIF &L -7 H34-v 7 u~FH oo 115 2, fx

DATMBALEIGIZ Y, & F & E2RMBR B OREGLITIEH L7 (Scheme 1-4-2-1)

CsF

N OTf Trapping reagent
L, e | ek ) |
CbzN
z siEt,  CHCN CbzN [4+2], [3+2]

[2+2]
114 115
CbzN )Q CbzN OEt

Scheme 1-4-2-1

a7 Ly OEIERFICET Dk b 2018 4ELIKE, Garg 512 K - CTHIBEZEVAR,
DWEESNTNWDE S, HIFHE—D=FrFA~—ThHdrT Iz /) —L ) T7T— |
116 BXU' 119 26, o7 a7 L34 S, Diels-Alder SUGZ X » THiItE L7z, £

DB, 15502 MBI LR O NFTEVERRFF S D02 E 5 i, ikt L7z “HEGOE
BPIEC K oTED L Z 2L LIz, T2D b, AFNVELZFOSTRIE 120 D5

34



FEINBRAGAR 121 OYATEMEMEER SR TW=DITxT L, A F o 25 L2 o ik

117 T BT A IERLIR 118 O SRR 52417 b TV 7 (Scheme 1-4-2-2),

COZMe CsF C_:OzMe
furan R MeO,C,,,
OTf
X w _—
CbzN .1 SiEt, CH5CN CbzN H CbzN
H
116 117 118
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‘Me Me
119 120 121
99% ee 89% ee

Scheme 1-4-2-2

72, Garg HIE, BEFRFE2ET 1-AFV34-v 7 u~FHh oo 125 12O TH
WL TWD, H6I1E, NIV TLMEEZ WD ARET VAT VX IALEOSIZ LD &
R L7z, SeFE R Vv ) — L R U 75— R 124 105 125 ZRAESHE, TONHE
PEDSSUS DORIE CHRFF SN D Z & 25 L7- (Scheme 1-4-2-3) ¥,

H
Pd(dmdba), 0 o OTf
OYO (S-(CFaltBu-PHOX & J oo KHMDS; [ | _qri CsF w
T e )
0 O Ph toluene Comins' rgt. MeCN *
SiEts 75%, 81% ee 64%
Ph Ph

Ph
catalytic asymmetric approach

122 123 124 125

enantioenriched
oxacyclic allene

Scheme 1-4-2-3
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2-1. #E

TR AL, BEEREGEE & D - HEESAREENICET S, RIMEORE
WOTHRHFRETH D, FROEROT HE2HT 50 A LA ZE D I
MHESIN TS, LML, 6 BEROVZ Bt X, 1944 WO TEENTEE
SN HBED LT, ARIITEH Lzfilizd7e <, BEFEO EDOFRAIEIZ L REN
DI, RPN HEN TV,

RO 7 BT X RO RAENET 28 L LT, REOAMKIZE < 0T
EETHEVIBENR DD, T, KR TIET 7 mAaF (1260005 1 BRET
FRATREZR, =/ — Y T T — bk 1278 EO—D2 L LTCERELL, =/ — /L F T
T— 1271005, 7 a~nF U USHRRETHOICE, BREICEDM T 1 b o

Zoltobiz, MU T7T— NED B -BiEEAEREH T D BN B D (Scheme 2-1-1),

base

(j szo : ;OTf (‘ OTf O
1-step
preparation
B@

Scheme 2-1-1

7w b, R T T — RO B-BBEEFIHL T m 7k o iR e A S
HHMEFNINELE R0 o7 JRK & LT, RHPICHIET 2 RUGED @\ T =4 U Fls,
BVSRETFHEEL AT D57 v 7 AF Ak LT, REMINKSZ R Z 32 ERZB T b6h
%o FEBC, AHY FULIGHE WD 1 rMle s 7 m s U OB AN, F
TIZ Wittig X Roberts HIZ 8> THRE SN TNDD, BAETDH U7 aF v (54)%

BEL LTAWET7 2=V ) FU LORBEEIZL VSN, EHOISIFINT 2
Z L X T H B (Scheme 2-1-2) %,
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@H PhLi ©| PhLi @Ph
cl Et,0 H
100 °C

74 54 75: 1%

Scheme 2-1-2

INETOEEERIZEBNT, 7 e g s b2 9 A X MALKISIZIE EREo L 91,
HHEY T ARL)LY 7 A7 2 FRNLD) VHWSHRTERES, LinL, b0l
MWL, A F U LROSHIRPOS R TART 268 Y F U LFEO &R
JMEIC SRS 5, RERVEIRIRIC L > TIRFERRMER Kb b Z ERMETH - 72,
FRlZ, mOT A REOIAEITIZE ORENIHE IR b, EERIZ Scheme 2-1-2 DOH)
T, 7= F 7 AOREMMBISIZE Y, 75 NEKRT D, £, (BFRREDR K
bivdfile LT, ZEEMRA T /NA28)D U FAAbDfF] S 21T 541 5 (Scheme 2-1-3)%0, -
bbb, BREBAF VALK L, n-7F LI FULEBEREED L, A0 ) F4
fbe L b, AFNALTZ AT IO IVR = VRBICRT D REKE G EITT 5, Z 0%
A, RETHITHD 12-AFHTEF VL 129 L ORISIZE D, 130 34 L TV DA,

AFNTZATNIEERFEFLI-EE, AV MIEERELT S Z L IXRETH D,

n-Bu
p-Ts OH
COzMe  BuLi 3.0 equiv O-N n-Bu
TMEDA 1.5equiv. L] 129 NN
> > H
hexane —78 °Cto rt
—40 to 50 °C
128 130: 31%
Scheme 2-1-3
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Z TR, AR F U LARISHINCRD D, (EFEREEL AT HHEEE LT, w72
LT I RIPRERHSINTWD, RV ULT I RRFORE LT, VFULT
I REHAWDGA LR, RFE—BBEMEODWNRIE D7D, AHERREO R
RANC72 %, ZOMWEDS, GHY F U LRISHI & RERRZZ A, L FRRE 7R
i7" e R A X AL E FEBLL T 5D,

1947 4E1Z Hauser H1%, Ro;NMgX (X=halide) C/RENDZ~Y T RV U AT 2 RE@E L
72 (Hauser bases) %, F£72, (R-N)pMg T/RENDHVT RV T LERT I R ST
W5, IbHEMAEED~ 7 RV T AE AT 2 RTHDMeN)uMg 13X, FE 72 A G
MgN)&Z & B Z ML TEY, FHIE LTERT 2 Z LR TH 5%, Z ikt
L, 72 OO RS20 SR T2 LT, R8%BE, HERD LI TERE
MEEICT 5 2 8T, mWHE SRS 5%,

IMEENT R FEEERGT D7 F L T AE AT I FiE 1989 412 Eaton HIZ k- T
BAFE SN2, BT, ~ 7 RV U AER(Q2,2,6,6-7 F T AFNERY P KR) : Mg(TMP),
ERWT, HHEBEZATLOFN N AZMEEER LT, Thbb, ZREEBRAT IV
(128)IZ%f L THF ', Mg(TMP), #{Efl &2 &, AL MOBIREIH 7 v ko 3T
L, 7V=A= 7320 5131 DERT D, £DH%, COBIVBYT VA X &EH

SH, THEAEEY A FIL(A32)~ & @SR TEUN TV 5 (Scheme 2-1-4),

MeQO
CO,Me =0 CO,Me
Mg(TMP), excess MgTMP 1.CO, CO,Me
> _
THF 2. CH,N,
rt, 45 min
128 131 132: 81%
Scheme 2-1-4
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ZORITIE, ARV F U ARIGHIN T AT U L COREMICRIST 28R %, ~
TR LT I RERWDZ TR LIZEVWZ D, LL, 2O Mg(TMP), = %
FOSTIE, BAZBREQC~12 YE)HVWLINERH D & LI, BEAKDOEEIZE-
T, BHEEEAOBEMMEOREINFREE L THERINTWe, 207k, IFIERKIG
(AT 272010, ARSI TER~ 732U L7 I FORBEBEEN TV,

2007 42 Knochel H1E, LY F U LZILAFIEL LTI RV T LAERAT I ROR
figtEs e B L, /NMBREIE O Mg(TMP),-2LiCl TR BEFET A7 /L 133 O A/ M7 &
N AL IRICHET T 5 2 & & L L 7=(Scheme 2-1-5) %5, ¥E b U 77 A2 L D EafiRdE
Ol ki, T2 O~ 7 XU AT I RALOKABEEIN, v 7 X T ALY F UL
D% 2 DOWHRIFFPIBE T2 LIciEar L 52 LT, v 712U L7 I RAHEER

ELTHETE D6 TS,

t-BuO
COzt-BU ——O\ COzt-BU
Mg(TMP),-2LiCl 1.1 equiv MgTMP I, I
.
THF 0°Ctort,1h
rt, 1 h
133 134 135: 80%
Scheme 2-1-5

LD TMP #i& % —>4F 3 5, TMPMgCI- LiCl (Knochel-Hauser base: 136) >'1%, Mulvey
DI K D ERETIC LV, DR L7cifiE 2 & > T\ D 2 & 2R S Tuv 4 (Fig. 2-

1_1) 58O
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TMPMgCI-LiCl: 136
(Knochel-Hauser base)

Fig. 2-1-1

Flo, v ATV ULAEY G I DICKIGHENRTIZRHERT I FHEABINATWD
Knochel 5%, #igh7 X KD H 5 TMP Hix—2>F 75 TMPZnCl-LiCI%®E L Y, Hlo
Zn(TMP), - 2LiCl-2MgCl, ®% Bi% L, X Vb7 8RN 72 A # Ak Z 2Rk L 72 (Scheme 2-1-
6, T7bL, v/ R TLT I RTIHARARETH 72, = bR INEefa7
LEEBFECAEY 137, 141 ZEEE L THW TS, ZAbLOFEREZEZDTIC, 7V

— LHENTE 138, 142 ~DOEWNRTAFETH 5

@OMe
CHO
Q_ﬁ TMPZnCI-LiCl  Pdoat
\
ZnCl

S

137 138 140: 85%
Br— > Q
. Zn
Zn(TMP),-2LiCl-2MgCl, 2 CuCN 2LiCl
\ \ \
NO, THF N02

(0] O
141 142 144: 80%
Scheme 2-1-6

Flo, T MEERROERET I RHIASHENEATEY, BE, HNILS, Mulvey b
FENEN, R LTCHNEZHAWEZYF LA TILFL TMP V07— k
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(RoZn(TMP)Li) & BiJE L726L, 7 — MERTIOE L Z V5 &, 4 U 2 AR HENTE O ffigh
JRf- BT VR VA FEOTo DI RGHER BRI B L, #EhT I RO3E T D (bR
PEZRHOD, REFHIZLDEREENATRETH D, ZOT AT NIENKIGICE KIE

WL LT, 3-v7 ) 7 ae_0B 14505 LRI Z V2 1 2 2607 % (Scheme 2-
1-7), 2O, 2 fiTOMTa N AZK VAR LT U —/ VllighfElE, STARA/hS 0 A
FIOVEEDBNL - CTH D MexZn(TMP)Li 2 W54, 7 aen -z L7 7
A PR AEL, 58 LOMIME147T 2 525, ZHIZx L, SRS @ -7 F
DBNLF T 5 -BwZn(TMP)LI & W26 TlE, B-MEEHIEZ 67, £OFEFE 247

ICRBFAIDEATE S, RE, NLUSIZINSOFEZHHOICHATS 2 LT, &

F S EREBRE FF OB UFHERO G A ZEMR L TV D,

Ph
~
o
—
Ph
N t-Bu,Zn(TMP)Li N 58 GNP
@il THF; @\ Me,Zn(TMP)Li O ‘a O
Br I2 Br THF
Ph
146: 82% 145 147: 80%

Scheme 2-1-7

ERELTTNAI =T LEANERIIEL, 7 FEEEZ3>BTHRIATIR
&, T— MUFETH L7 VI — MUFEN#RE ST 5, Knochel &%, 2009 4
AT VI =T A8V TF U ALQRL2,6,6-T T AFNAEAY Y R0 E AI(TMP); - 3LICI
MR CTED 2 L AWE L £, WILHIE2004 2 FUL N A Y7 F /L TMP
72— ME-BuA(TMP)L)Z RIS L, Yo7 — b &R, BFEBEOB T a b2
NWTWNWBE, Z2DEE, Yo7 — FTIENLF TH DT VT VHED ) S 5 S TR % il il
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LTWEDIZH L, i-BuAI(TMP)LI & W358 TIHSIRE IS X > T B -BiEE O Hl1E
IZAH) LT 5 (Scheme 2-1-8), T 7¢boh, NN-TA Y 7B EN3-TBENS AT IR
(148)ITxt L, —78°CIZ T i-BwsA(TMP)Li ZEH S5 &, 2L TO X Z WAL HEIT L,
SEIERREFANCL L2 BRIV ATETH S, Zhicxt L, BRCHEEAEH S

7256, 7aEiko f-HBELETL, 58 & OfMINK 150 # 52 5,

Ph
~
(e}
—
Os_Ni-Pr, i-BuzAl(TMP)Li Ox_Ni-Pr, PH o5 FPrN._O o
THF
I -78 °C, 2 h; i-BusAl(TMP)Li an
Br I Br tT1H£|3:h
. Ph
149: 65% 148 150: 100%
Scheme 2-1-8

UbDBERESEZ, AFETIE, RHRTRET LT =4 FORIGHEE TIT5 & &
HiZ, v a7 xR~ ORIRG & 32 BT, EROFH) F U LD L5
PRI TCIE e <, K VIRMARAR~Y 7R v v AOFMEE, AT L =0 A RUSH
ZeET I REERELTHY, lir'e FomRs 7 a7 vx ChEOREE O S LTz,

LIBED 2-2-1 TIE, EEOBBEEIZOWTHRET L7z, &b, BELLLY 7T LFx s
HRARIZHEBE CE oW dIZ, ZORAEDRITRT VX LA TH D 13-V 7 ==L
A IR T T b DAL S TE SN IMEDILR % & LAl L7z,
222 T, fix O&RBT I RERWT, 7 a7 L& U3 RE 2 m A RET Lz,
ARFTIE, L O~ 72U L7 I FERL, M7 e b AR L E RV EIFUG
THETT L7V, B O NRI ) & & S 2Rt R 2 L 20 S LT, 2-2-3 T,
POSIRERRIED Y EOMFHI LV, Fl RO Z /I LT, 224 TiE, #ExLL
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TeBHEARIET, OTHDORE SVNRAEDRICB LT TRELZRL7-0I12, HEOEHK
2R L CRBROAINBRALBUS 23k 7 T2, 2-2-5 TIE, BREAIAFECE A P RE 2R B
Barmd a2 AL LT, ARELOEE Rtz Nz, ZHRRERERZ AT L5
BHEHWTRISEATY, W~ 72U LT I ROFREILAEMEIC DV Tigim L7,
2-2-6 TlX, AFAEEOHREEZRTZOIL, 7 U =T Y KEDOBRITMERILKIEE

BT, F2, TOMORT NV URIGAIE ORI SEm L, FERIZOWTELELT,
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2-2. FEREER
2-2-1. 29anZIUDREICHBEEDORE

XL OIT, 7 v r OFAT IR AR 2 5T L 72(Table 2-2-1-1), 7235, —
)=V U T7T—F 1271, Y7 a~%t ) 26K LY ma XX o, RS B
UL N TNFa AL 2R B ZAEHSEDHZ LT, 4g A — 1L TH
Jif T & 72 (Scheme 2-2-1-1) *,

Na,CO3 2.0 equiv
Tf,O 1.6 equiv

o) - oTf
(j CH,Cl, O/

0°Ctort,18 h
126 127: 60%

Scheme 2-2-1-1

FEBIWISYED 13-V T 2=/ A VRV 77 2(58)D THE IRikIZxt L, —78°C
THELZMA 72%I12, FEIRETHIR LSS EZ, £7, ML LTy neke AT
H1-7aE 7~ 107)% 2 z(entry 1), L2vL, SR CTIIRISHEIT L
Mololz®d, MBGERSEZLE 25, BHIOIIMEK 59 20K 28% CTla7-, £z, Vv
e A7 L 151% 2 W56 6, 59 IFEINEE ThH - 7= (entry 2), IR DM EE HEEL,

T /=) b T T — b 127 ZFEEROBISIZAT LT e 24, BRIDOAINA 59 % 55% TH
Bt L7=(entry 3), &HI2, =/ —//F 7L —FI2¥ LN =8A S, FREDOIER
T 59 E BTz (entry 4), LA EDFERMND, 7 ok v ORI 72 PRSI R

V77 —=hRETHD EHMIL,
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Table 2-2-1-1

Ph
~I
Oijij 1.5 equiv
—
Ph  5g Ph
LG Mg(TMP),-2LiCl 3.0 equiv
9 | — 0
THF
—-78°Ctort Ph
LG =Br: 107 54
= OPO(OEt),: 151 59
= OTf: 127
= ONf: 152
Entry LG Time (h)  Isolated yield of 59 (%)
18 Br reflux, 22 h 28
2 OPO(OEt), 2 13
3 oTf 8 55
4 ONf 8 45

@58: 2.0 equiv, Base: 4.7 equiv.

2-2-2. ATV OREICRBEGIEEOKE

/=) Rh) 77—k 1R2TIZHKL, B2 OEET I FZHW T 7 a~d o 0¥t
RS RT I REMFLic, 2T BEIP IS YED 13-V 7 2= YRV T T
> (58)D THF AKIZx L, —78°CCHik% 3.0 Y &M X 721412, =ik F THIE LG S
Wiz, T, WRKETHOWOGNTEZ 7 2=V F LN EIEHE NI T VLT I REH
W CRRES L 72 (Table 2-2-2-1), (£ U ¥HIZ, Wittig =° Roberts HIZHE A2 BE|L, 7 =)L
VF oLz H N (entry 1), L2L, =/— /L ) 77—k 1271 3HELTZHOD, H
IOMIE 59 135 5T, V7 aadt ) L (126)% G EMRIRA Y & 157-, 126 13
AR LTS RIE, BOVRESHEET L2 7 2=L U F U LN, 127D~ 77— MEOKE
HRFICKR LT, RERBE L 2R L TWS, £ 2T, L hEmniEERE LT,
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VF I LDA VT EELT I RLDA) “ BLO F 7 AQ2,266-7 KT AFNLERY Y
R) (LITMP) #* & W C, [AEEICHET L = (entries2and 3), L7*L, WThoHas b/
— /R T7 7= 1R2TBER LIS b 5T, BIOMINE S IFEINETH - 72,

U EDFRERNS, =/ — )L b 77— ML, OSMEREWT 2=V ) F U7 LR F
VAT I REMWDE, )T T— MEOREF B IORAE LIS 7 maFk s Txt

TORBEENEITL, 7 onF o U ORELHRNANETH D 2 & 2 EERITHED D

HEMWTER,
Table 2-2-2-1
Ph
~
0] 1.5 equiv
—
Ph 58 Ph
OTf Base 3.0 equiv
9 | U]
THF
—-78°Ctort,3h Ph
127 54
59
Entry Base Recovery of starting triflate 127 (%) Yield of 59 (%)
1 PhLi —1a _ac
2 LDA _a 18b
3 LiTMP —a 140

2 Not observed in the crude 'H NMR spectra.

b The yields were determined by 'H NMR spectra of the crude material
with 1,1,2,2-tetrachloroethane as an internal standard.

¢ Cyclohexanone was observed.
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RIZ, ~ TR T LT I ReHWTHEEORELEITo 72, A F 7 L OGH % H
WEBREFRIRRIS, =/ — v R U 7T — M 12712 L, ¥~ 7R U AT I REEHASER
(Table 2-2-2-2), (X U IZ, Knochel & (T &V ¥ &4 TV % Knochel —Hauser Mk
(TMPMgCl-LiCl)& Fi\ = (entry 1), L2>L, BRIOAHIIA 59 1 3fFon+=/—L Y
77— 127 & 84%[EL L7z, T OFERD S, Knochel —Hauser ik TI3HE 23 +4>
TRV EHWTL, WRIZ, KVEREORWS 7R AERAT I FELT, 3 CILE
WHIZE RS OREIHATH D Z LB RERES TV D, kY F U225
T» Mg (NR2)2-2LIiCl & vz, %97, LDA L 0 i L7z Mg(Ni-Pr,),-2LiCl ®& vz &
Z A, FHIMAR 59 DU 38%IZ 10 E Liz(entry2), S HIZ, 7 2 REBy ONARIEE DR
BEPFRT2L 2 A, RIGEZRD G 59 235% b L7 (entries 3-5), 7235, Mg(N-Amt-Bu),
2LIC1 Z W =856 ClX, MK 59 1< & 67 o> Tz (entry 6), ZiUE, ZEHBR 1
IZHEET D IRED & BICUEBRTH D - DICSRICh &L, WA ) — v Y 7
T = ML TERD ST ENRRTZEEBZ b D, £, R TIERIERDO R
VOVHERDO~Y 7RV T AEAT I RO FWEEICIE, TREE CRERm EL, «
TR T AEAR(2,2,6,6-7 T AF/NERY T R): Mg(TMP),-2LIiCl > 23 i ThHh D Z &
237> Tz (entries 7 and 8), LA EDRFIIND, 7 ua~F T U REICBIT b~ 7

F VT LHEHEIE Mg(TMP),-2LIiCl TH 5 Z & & RH L7z,
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Table 2-2-2-2

Ph

~
0] 1.5 equiv

—
Ph  s5g oh

oTf Base 3.0 equiv
g | O | —
THF
—78 °C to rt, time Ph
127 54
59
. Recovery of ]

Entry Base Time (h)  starting triflate 127 (%) Yield of 59 (%)
1 TMPMgCI-LiCl 3 84° —A
2 Mg(Ni-Pry),-2LiCl 3 —= 38P
3 Mg+N -2LiCl 3 —a 24P

2
4 Mg<N -2LiCl 5 = 28°
2

5 MQM -2LiCl 4 trace 17°
2

6 MgTN -2LiCl 4 91P —=a
2

7 Mg(DMP),-2LiCl 4 —a 510

8 Mg(TMP),-2LiCl 2 —A 55°

2 Not observed in the crude "H NMR spectra.

b The yields were determined by crude "H NMR spectra with 1,1,2,2-tetrachloroethane as an
internal standard.

¢ Isolated yield.
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Flo, v 7R LTI NEY EHITRMZREHT I 7 AVI =0 L7 I FZHW
Th, V7 a~F I (5)RFAEFREDET L7 (Table 2-2-2-3), £, #igh7 I F& L
T TMPZnCI-LiC1*° %>, B A7 I K Zn(TMP),-2MgCl,+-2LiC1 ° % AW THEt L7228,
EMREY =/ — hY 7T — k127 Z B L 7= (entries 9and 10), & Z TKIZ, LV
WHRMEZM EIEHLEMNT, o7 — MRIEEXE L THILL DAL,
Et,Zn(TMP)Li® Z /e & 25, 60°CE CTHIRT 2 MEIIH 7205, HIDO T 7 mF
T (54) & DAFIMA 59 A2 NMR I 6% THIHI L 7= (entry 11), F7ZFERIZ, NILBHIZX
STRUT AL VOREPREINTNDS, TAHI=ULDT7— MUEKETHD,
EGAITMP)LI @ Z H\Wo & 2 A, 59 & HEEIER 32% T3 7z (entry 12), Hof&AIIZ, 7 b
2= L EOEN T EA Y T FIVIEICE 272, i-BisA(TMP)Li © &2 W 2B, ~ 27 %

VULERT I NICPLHECT 2UET, 59 & B L 72 (entry 13),
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Table 2-2-2-3

Ph
~
o) 1.5 equiv
—
Ph
58 Ph
OTf Base 3.0 equiv
Y Q| —
THF
rt to 60 °C, time Ph
127 54
59
) Recovery of ]

Entry Base Time (h)  starting triflate 127 (%) Yield of 59 (%)
9 Zn(TMP),-2LiCl-2MgCl, 17 84> —=
10 TMPZnCI-LiCl 16 9P —=
11 Et,Zn(TMP)Li 3 —= 6°
12 Et;Al(TMP)LI 3 40° 32¢
13 i-BuzAl(TMP)Li 3 —=a 48°

@ Not observed in the crude "H NMR spectra.

b The yields were determined by crude TH NMR spectra with 1,1,2,2-tetrachloroethane as an
internal standard.

¢ Isolated yield.

2-2-3. RItEHDRE

Wiz, =/ —/LsU 77—k 127 1ZxF L, Mg(TMP),-2LiCl % W CARKISIZEIT 5
HE 72 IR & Rt U 7= (Table 2-2-3-1), 9, 127BLN1S BYED 13-V T ==L AV
RV 75 (58)D THF Wk L, —78 °)CTHiEE Mz, ZDtk, R E THES
Hi(entry 1), ZOFER, BRIOMIA 59 ZIUHK 55% T2, £7-, HIEH FROIRE
—T78°CHH—40, —20, 0°C, HER~EEZ, TNENIESHTZE A, vrr~

F L UGHTIEAELTZ S DD 59 DICRITE T L7z (entries 2-5), 7238, ZDOEEWTH DK
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JSIZBWT BT ) —/L b 77— b 127 [THERHO 'HNMR L0, JEB&EL
DERAF L TN T & AR Lic, IREEAMERNE EICEPME T L2 JRR & LT, Hfik
DIEEITIMA, 58 & DARUTIMELSIEDEE N ELS 725 Z LT, BAELLT 7
T BN, BT e FACK VAR LAY 72y AREIC K VRS e
EEZ DD, Fio, MEGER NRISZIT O &, WERIEmM E L2, =R TORRITIE
BLIERD o (entry 6), LA EDOFERNG, KIS TIE—78°CTHELTH L, TO%

HilE THIE ST LR/ mEsft & L,

Table 2-2-3-1
Ph
~I
O§:© 1.5 equiv
—
Ph  s5g oh
O/OTf Mg(TMP),-2LiCl 3.0 equiv ©| ‘@O
THF
Temp., Time Ph
127 54
59

Entry Temp. Time (h) Isolated yield of 59 (%)

1 -78 °Ctort 2 55
2 —40 °C 5 8
3 -20 °C 5 19
4 0°C 5 31
5 rt 6 45
6 reflux 4 42

WIZ, 475088 B, HEOUENFIMEAOIRIZE KT T RIS
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UWTCRIAR7=(Table 2-2-3-2), £, RTBLRISHED 13-V 7 ==, IR TT
>(58) THF A% L, 3.0 24 &8 Mg(TMP),-2LiCl Z{EH &87=L 24, UK 55%
T 59 15 7=(entry 1), KIZ, HFIHEOYELA 2.0 Y®EIIEO LIz 2 A, 59 134E/K L
N, FEtO= ) — L b 7T — "BHER Lo fz(entry2), 72, 13-V 7 ==L A Y
RV TTUE)DYEE 1.1 YEBIOS5.0 YEAWCR UKSEI T T-/ER, 58 O
Y EIIIMEDOIRIIZIEREE 5 2 7202 L3y o T (entries 3and 4), 725, 58 O
WA 30YRELWO LT E, HELZ 12980V EEEL, Foz ) —L Y7

7 — b 127 1 Z5ERITIHR L dr o 7z (entry 5),

Table 2-2-3-2
Ph
~I
0] Y equiv
—
Ph  5g Ph
O/OTf Mg(TMP),-2LiCl X equiv ©| ‘Q’O
THF
-78 °C to rt Ph
127 54
59
Ent X . v . Recovery of Yield of 59 (%
ntry equiv €qUV starting triflate 127 (%) €9 ° (%)
1 3.0 1.5 —a 55
2 2.0 1.5 31b 45>
3 3.0 1.1 —a 49
4 3.0 5.0 —a 43P
5 1.2 3.0 27b 33P

3 Not observed in the crude "H NMR spectra.
b The yields were determined by crude "H NMR spectra with 1,1,2,2-tetrachloroethane
as an internal standard.
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2-2-4. T/—)LR)I5—tD BB OB

WeSE Uil S tE T, B D= ) —L b U 75— MO BENARFAEEICE JIET 5
IZDOWTIHAA, HEOMRFHZBWT, v Zank v B A IRy 7558 LD
FOGTIE, BHOMIME 59 % 55% TR, ZHUZdLl, 7EBRBIT8 BROT ) —
VR Y 7T — k154, 155|122V T b [ARRIC SO & 72 (Scheme 2-2-4-1), & DOFER, =
=N b U T T = OEBPEZ DI ON TR EL, Flcrsund s F oo
JETIE, TR 159 & 96% TH37z, ZOFERIT, 7 ua~F o (54) &g LT, HIH
KO 7 a~TF B8y ratr7F o B600NL0EEsERD, KGR OREGH L
DEFE 72OEISOS AN S 4v, FAIRACBOS~OBIRVER G IZ [ L L7 b Th 5
EEZLND, 2B, S BEO Y7 aXrF L (156) DI bk 7= 0%, B IO 157

IWEBE LG ool
Ph

~
Oi:@ 1.5 equiv
—
Ph 58 Ph
OTf Mg(TMP),-2LiCl 3.0 equiv
Y O | — OO
. THF f i
—-78 °C to rt, Time Ph
n=0:153 n=0:156 n=0:157
1:127 1:54 1:51
2:154 2:55 2:158
3:155 3:56 3:159
Ph Ph Ph Ph
Ph Ph Ph Ph
157 59 :time 2 h 158 : time 5 h 159 :time 5 h
trace (n = 0) 55% yield (n = 1) 58% yield (n = 2) 96% vyield (n = 3)

Scheme 2-2-4-1

64



2-2-5. EE— ikt 0BmE

UATHESL LT Bl S E N, ARALEOE — M2t L, fx OB#HELET S
T/ —/LhY7T— b 160a-160f (2% L, —78 °CT Mg(TMP),-2LiCl % 3.0 4 &% 7=
®IC, BRETHIEL, HONCORISRPIHGFES LA YUY 7T 58 LG
Z4T - 7=(Table 2-2-5-1), £, 4 flC=FLEEZATH ) —L ) 75—k 160a %
FERDRISFAFIAT LTz & 24, BRIOMIME 161a % 62% Trilz, =FLVEEZEAL
ez llicky, EEROT ) — L N 7T — 12T VT L & LHA, RO B
HONT, WIZ, WEETS MY 7 T — NEOBBALICEREOEAEZITo T2, XUV
AEAL 1 EHO 160b 2 W 7235E6, IR 65% THINME 161b 2457-, Fi7z, A
FNHAE 2 DA LT 2 EHED 160e 2 5 &, 75%F THINMAK 161e DULEER M E L
7o ZOBEE LT, BEBOY T o~ AT DR ERVREEAINSUSA, &
HONAKEFIZEZOMAONTIDTEEEZOND, $£7, SHICAYREBEZEATD
&, R 161d & 81% CTfF7z, AFAVETIET T r r HROBEFERDMER LI-v 7
AT B RIR IS RAEL, MU 161e UK 91% TEH-, X512, ATRS 7 B-
AT ML ) —)L h U 7T — |k 160f &% L, Mg(TMP),-2LiCl #{Ef &%
LT, mATNVERTLY I ank ok 2R TRAEIE DL ENTEL, 2Ok
BN, ROV FULEEREZRND HFIELHRT, v 7RV TLAERAT I REHWD

ARFEDOERESILAFIED M LA HERE T& 1o,

65



Table 2-2-5-1

Ph
~
oij@ 1.5 equiv
—
Ph &g Bh
OTf  Mg(TMP),-2LiCl 3.0 equiv
R@ R | | — R
THF
-78°Ctort
160 Ph
161
Enol triflate Cycloadduct Yield Enol triflate Cycloadduct Yield
Ph . o
ort 62% OTf
(]
Jij: "'HID (dr=1:1) o1
Et H Et ’
Ph
160a 161a 160d Ph
161d
Bn Bn Ph O O Ph
OTf
65% OTf 0
(dr = 9:4) 91%
H H
160b Ph 160e Ph
161b 161e
Me_ Me Me_Me Ph EtO,C Me Et0,C Me Ph
OTf OTf
SO G0
H H (dr=3:2)
160c Ph 160f Ph
161c 161f

2-2-6. TDHDFHINRIE RIS DERES

TleT U 7= i S PE F, AR AR 1R A AT RE 7 (A INBRAL R 2 WAt L7, 6-8 BEBRO—
J—)V b 7 Z— MIxtL, —78°CT Mg(TMP),-2LiCl % 3.0 ¥ &Mz 7212, =HiRE
THIEL, 50 UORPICHFSE 2,6-F4 Y L7 =2=L7 Y F162) &
D321 MBS % 7k # 72 (Scheme 2-2-6-1), £3°, 6 B/ — /L U 77—} 127
IZRFL, 162 % 3.0 YEAFHISE/2L A, HID KU 7Y —/L 163a ZIHE 31% T
7o Fo, BEEHESLTIBIOSEROT ) — /L FU 7T — b 154,155 %, [AIFEDS
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At LTz 2 A, 535 R U 7Y —/1163b 3 L 18 163¢ & F I FHUNE 37%, 85%
Tz, ZNEDOFRERENS, T REDBRUMINBELEISICB N T S, BEORKIZ L

B2V, AIMEDIRD A L% 2 ERbinol,

i-Pr

N3
3.0 equiv
i-Pr
162 | N\\
N
OTf Mg(TMP),-2LiCI 3.0 equiv Q| - N o
—_— i
n THE : i-Pr\©

—78 °C tort, Time

n=1:127 n=1:54 n=1:163a
2:154 2:55 2:163b
3:155 3:56 3:163c

163a :time 19 h 163b : time 18 h 163c :time 23 h
31% yield (n = 1) 37% yield (n = 2) 85% yield (n = 3)

Scheme 2-2-6-1

WIS, RBELEOGRIAAMOILKRE B, AT a4 NEHREZAET 57 F 164
MHT )= R T7T7—k165 ZE8/KEL, V7 nF v &R A X H 72 (Scheme 2-2-6-
2) 7V =T Y R162 & DBR2USIMBLE G EIT o728 24, BRO NI T — /A
NN 166, 166° % JF KD 7 b2 164 726 2 BeFEINR 28% TR/, ZORERN D, AFEA

ENEMBERAEZAETAEE LB CHOEMAARETH S Z L 2RET-,

67



Tf,0 1.1 equiv
2,6-di-t-butyl-4-methylpyridine Tf,0 2.6 equiv

1.1 equiv TfOH 2 drops
‘ CH2C|2 CHZCIZ
- ° 1. 40 °C, 2d
o |f| 0°Ctort, 22h ays_l_fo
164 78% (85:15) 94% (> 95:5) 165

i-Pr

N3:© 3.0 equiv
i-Pr 162

Mg(TMP),-2LiCl
3.0 equiv

THF
-78°Ctort, 10 h

166" : 26%

(28% over 2 steps from ketone)

Scheme 2-2-6-2

B, oIz U T Y —b 166 OLEEMEROREEIL, Hiliel 7 a~F o (54)&
TU—TYR162 ED YTV —/163a D 'HNMR OFERAZ FWT, IHeoic ke
L7z, 77205, 163a ® 'HNMR IZEBWT, 2fEH LT VIO T e bk, 2iE
AU 2.87 ppm & 2.32 ppm (2B — 7 BEHI Sz, £ LT, COSY LU NOE HIEIC L
D, 4V TrEAKTENT e R, 2.32 ppm TH S &HIKE L7 (Fig. 2-2-6-1), ZH

7V = AVEDOERNRIZE > T, E—=7B&EHET 7 FLIEEZABNRD,
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2.32 ppm (t, 2H, J = 6.2 Hz)

nOe

Fig. 2-2-6-1

ZOMRESEZ, 166 £ 166> T, COSY, HMQC 3L O'HMBC JlElc kLY, 4V
Tu NI EEBAICH DT UANLO T 1 ks, 166 TiE, 2.96ppm & 2.41 ppm DX
Ty b TFANTHLZEERE LT, TbIXJ=156Hz TV =IF ATy
Uo7 LTWe, ZHUTKL, 166°Tix, 2.85ppm & 2.44ppm (21 Y 7' & BV & s
MEIZHDL T F BB LN, 2B 7427 Ly H(2.85ppm (dd, 1H, J=16.0,
4.6 Hz), 2.44ppm(dd, 1H,J=16.0,12.0H2)) CH v 7V 7 LT\, Ziux, 7IULT
B hCEEOV I FAN TV U TRET TR, BENOAT T e bk, BV
TN TV T L TWDHIEERRLTND, LEXY, V7o etk mghinic
HOLFOTINTa N, BTy NChHy 7 U7 LT H{bEWE 166, ¥ 7L

X7y NCAy TV T L TWHILEME 166> Th 5 &R IE LT (Fig. 2-2-6-2),

2.96 ppm (d, 1H, J = 15.6 Hz)
2.41 ppm (d, 1H, J = 15.6 Hz)

15.6 Hz

i-Pr _ A\ d
-l HH .
166 N 166’
16.0 Hz

2.85 ppm (dd, 1H, J = 16.0, 4.6 Hz)
2.44 ppm (dd, 1H, J = 16.0, 12.0 Hz)

/s

,

Fig. 2-2-6-2
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/qten

2-2-6-1), FOFER, BEIZ

YT A6 = b r 1692 E Wl A, EBLLDOKIRIC

—/VhUT7T— 127 BEHE LT
P U170 IR0l ZhU
V1732 & WA
L7z,

ynophile & IS L7722 & &R LTV 5,

T, IR 172, 174 135 572 03 7223,

ZOFAEIEIZRBWT, DR T L R (ynophile) & D i % FiEt L 72 (Table

BNV EDRIGRHRESIINTND 13-V AT A 2

BNTH, =/

ZHhbbd, BHROTZ 7 X2 A168 B LW, £ VA

IXLT, VT YVEEBRTTF LT RV K

127 DO RE 53 % [RIL

ORI, KISRTO X AERT I RREILLE UTIERT 3HIIZ,

Table 2-2-6-1

ynophile 3.0 equiv
Mg(TMP),-2LiCI 3.0 equiv

oTf 2L
O/ THF

)

_— Cycloadduct
—-78°Ctort
127 54
Ynophile Cycloadduct Yield (%) Ynophile Cycloadduct Yield (%)
CO,Et
Me Q N b
- N S
|\/N Me J 2§)J\OEt | N/N
H
171 172
168
tBu Ph o
—\ ® =
( NoX | N—tBu —° Y}N—Ph CE\,N—Ph —°
o O~ N
169 170 173 174

@ Not observed. (No recovery of starting triflate)
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Flo, v/ XU LERT I RED BIRFZRERE LTT VI =0 A0 7 — MEER
WITH D, i-BuA(TMP)LIS 2\ - & 2 5, BREFIMAFEMEF X O ynophile 3 i
2 oEN RGN, T77bb, V7 /&% H+5= /=L ) 77—HM1751C
XL, 4R T T 58 IF(ETF, 60°CT i-BiA(TMP)LI ZEH SE7-L 24, V7
aAF U176 BREAL, HIGOMIMK 177 % 58% CT#37=(Scheme 2-2-6-3), 7 /L =

VAT I REHWLZET, 7 /AT a7 vk b BENTR LRSI,

Ph
~I
oi:() 1.5 equiv
—
NC Me Ph 58 NC Me NC Me Ph
@/ﬂf i-BusAl(TMP)Li 3.0 equiv @ ‘QO
- || —
THF
60 °C, 3 h Ph
175 176 177: 58%
(dr = 5:3)

Scheme 2-2-6-3

7o, =bhr 2169 L OBRFIMBREKIGICENTS, 7RV T LAEART I RE
DEWRIE LN, T78b5, i-BA(TMP)LI 2 W& 24, HIOA Y AFH Y

> 170 Z IR 13% T15 72 (Scheme 2-2-6-4),

It—Bu
N.§ 3.0 equiv
Ph 169 oh
O/OTf i-BusAITMP)Li 3.0 equiv ©| Ol\/\‘ .
. — By
THF 0
60 °C, 3 h
127 54 170: 13%

Scheme 2-2-6-4
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2-3. ¥

ARETIE, v/ RV AERT I RBEIOHEHRT I R, 7TAI=U LTI FEAN5

T a T VR R RIRO BRI AL A B Ui, ik 7 a7 LR R AR D G G
MEWIT T, BEHEREEAME WO MREE, 1 B chalrieim/ — L ) 77
— hEHEE L THWTHRIRT 2 L & HIC, 1EROAREY T 7 ARJEAI L 0 IR AN et
ERWDZ LT, BN AEEFEBL LT, £z, 7TV REOMMBRLREIC
£V, NITY—EBRLARTELZ 2T LB, AT A NEREZAT D5
B L TOREDEARERTHD Z LA W Ui, ARAEIZEY, F b 2 B
BECTRAENREL Role 7 a7 AT 20D Z LT, RO A o TIRHEEE R
sp* IRFBEHEOEANZMEIAT) LN TE D, ZHIUTHT 22 E RIECHRENE S T DAl
"B LOFEITORNY, 5BDHOLPLDEIZENT, 7 a7 F o EIEOLER

BICBITFAERY — I A Z LR FEIEL TV A,
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2-4. REH

General

Analytical thin layer chromatography (TLC) was performed on Merck 60 F2s4 aluminum sheets
precoated with a 0.25 mm thickness of silica gel. Optical rotations were measured on a HORIBA
SEPA-300 polarimeter. Melting points (m.p.) were measured on a Yanaco MP-J3 and are
uncorrected. Infrared (IR) spectra were recorded on a Bruker Alpha with an ATR attachment (Ge)
and are reported in wave numbers (cm™!). 'H NMR (400 MHz), 1*C NMR (100 MHz), and °F
NMR (376 MHz) spectra were measured on a JEOL ECZ400 spectrometer. Chemical shifts for
'HNMR are reported in parts per million (ppm) downfield from tetramethylsilane with the solvent
resonance as the internal standard (CHCIs: 8 7.26 ppm) and coupling constants are in Hertz (Hz).
The following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, and br = broad. Chemical shifts for *C NMR are reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard (CDCls: 6 77.16 ppm).
Chemical shifts for ’F NMR are reported in ppm from CFCl; where CgFs (8 —164.9 ppm) was
used as the internal standard. High-resolution mass spectra (HRMS) were performed on a JEOL
JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL MS-5414DART attachment or a JEOL JMS-
T200GCV AccuTOF GCx (DEI: desorption EI). Elemental analyses were performed on an Exeter

Analytical, Inc. elemental analyzer CE-440.

Materials

Unless otherwise stated, all reactions were conducted in flame-dried glassware under an inert
atmosphere of argon. All work-up and purification procedures were carried out with reagent
solvents in air. Unless otherwise noted, materials were obtained from commercial suppliers and

used without further purification. Flash column chromatography was performed on Wakogel® C-
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300 (45-75 pum, Wako Pure Chemical Industries, Ltd.). Recycling preparative SEC-HPLC was
performed with LC-9201 (Japan Analytical Industry Co., Ltd.) equipped with preparative SEC
column (JAI-GEL-2H). Anhydrous THF was purchased from Wako Pure Chemical Industries,

Ltd.

Preparation of Mg(TMP),-2LiCl.>>* %4

A 500-mL two-necked flat-bottomed flask equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and an inlet adapter with three-way stopcock was charged with Mg turning (541
mg, 22.2 mmol). The flask was evacuated under heating then backfilled with argon. After THF
(50 mL) was added to the flask, 1,2-dichloroethane (1.58 mL, 20 mmol) was added dropwise at
room temperature. The resulting suspension was stirred for 2 h (highly exothermic). An another
500-mL two-necked flat-bottomed flask equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and an inlet adapter with three-way stopcock was charged with 2,2,6,6-
tetramethylpiperidine (6.75 mL, 40 mmol) and THF (24 mL). The solution was cooled to —78 °C.
To the solution was added n-BuLi (1.63 M in n-hexane, 24.5 mL, 40 mmol) dropwise at —78 °C.
The resulting solution was warmed to 0 °C and stirred for 30 min. The resulting pale yellow
solution was transferred to the MgCl,-THF solution via cannula, and the reaction mixture was
stirred for an additional 2 h to afford a pale yellow solution of Mg(TMP),-2LiCl, which was

titrated by Knochel’s method.>%

Preparation of Zn(TMP),-2MgCl,-2LiCl.5%

A flame-dried 100-mL two-necked Schlenk tube equipped with a Teflon-coated magnetic stirring
bar, a rubber septum, and an inlet adapter with three-way stopcock was charged with i-

PrMgCl-LiCl (1.3 M in THF solution, 10 mL, 13 mmol). Then, 2,2,6,6-tetramethylpiperidine
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(2.32 mL, 13.7 mmol) was added dropwise to the solution at room temperature. After THF (50
mL) was added to the flask, to the reaction mixture was added 1,2-dichloroethane (1.58 mL, 20.0
mmol) dropwise at room temperature. The reaction mixture was stirred at room temperature for
23 h to give TMPMgCI-LiCl solution. Another 50-mL Schlenk tube equipped with a Teflon-
coated magnetic stirring bar, a rubber septum, was charged with zinc chloride (0.732 g, 5.37
mmol). The flask was flame-dried and backfilled with argon. To the anhydrous zinc chloride was
charged with the TMPMgCI-LiCl solution via cannula and the reaction mixture was stirred at
room temperature for 23 h to afford a brown solution of Zn(TMP),-2MgCl,-2LiCl, which was

titrated by Knochel’s method.>%

Preparation of Et,Zn(TMP)Li.°'f

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum, were charged with 2,2,6,6-tetramethylpiperidine (0.170 mL, 1.0 mmol) and THF
(2.0 mL). The solution was cooled to —78 °C and n-BuLi (1.55 M in n-hexane solution, 0.580 mL,
0.90 mmol) was added to the solution. The reaction mixture was stirred at 0 °C for 30 min, and to
the mixture was added diethylzinc (1.12 M, hexane solution, 0.893 mL, 1.0 mmol) at —78 °C. The
reaction mixture was stirred at room temperature for 1.5 h to give Et,Zn(TMP)Li solution, which

was used directly to the THF solution of starting enol triflate and 1,3-diphenylisobenzofuran.

Preparation of i-BusAl(TMP)L.i.5%®

A flame-dried 20-mL Schlenk tube equipped with a magnetic stirring bar and a rubber septum,
were added 2,2,6,6-tetramethylpiperidine (0.170 mL, 1.0 mmol) and THF (2.0 mL). The solution
was cooled to —78 °C and n-BuLi (1.55 M n-hexane solution, 0.580 mL, 0.90 mmol) was added

to the solution. The reaction mixture was stirred at 0 °C for 10 min, and to the mixture was added
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triisobutylaluminum (1.02 M, n-hexane solution, 0.980 mL, 1.0 mmol) at —78 °C. The reaction
mixture was at 0 °C stirred for 30 min to give a i-Bus AI(TMP)Li solution, which was used directly

to the THF solution of starting enol triflate and 1,3-diphenylisobenzofuran.

Preparation of Et;Al(TMP)L.i.5%®

A flame-dried 20-mL Schlenk tube equipped with a magnetic stirring bar and a rubber septum,
were added 2,2,6,6-tetramethylpiperidine (0.170 mL, 1.0 mmol) and THF (2.0 mL). The solution
was cooled to —78 °C and n-BuLi (1.55 M n-hexane solution, 0.580 mL, 0.90 mmol) was added
to the solution. The reaction mixture was stirred at 0 °C for 10 min, and to the mixture was added
triethylaluminum (0.96 M, n-hexane solution, 1.04 mL, 1.0 mmol) at —78 °C. The reaction mixture
was stirred at 0 °C for 30 min to give a EtzAI(TMP)Li solution, which was used directly to the

THEF solution of starting enol triflate and 1,3-diphenylisobenzofuran.

Preparation of 1-bromocyclohex-1-ene (107).

To a 300-mL one-necked round-bottomed flask equipped with a magnetic stirring bar, a rubber
septum, were added triphenyl phosphite (4.6 mL, 17.5 mmol) and dichloromethane (47 mL). The
resulting solution was cooled to —60 °C and bromine (1.0 mL, 19 mmol), triethylamine (3.0 mL,
21 mmol), and cyclohexanone (1.67 mL, 16.1 mmol) were added to the solution. The reaction
mixture was stirred at room temperature for 18 h and was refluxed for 2 h, at which time TLC
(hexane) indicated complete consumption of the starting ketone. The reaction mixture was treated
with 1 M aqueous hydrochloric acid. After partitioned, the organic layer was washed with
saturated aqueous sodium thiosulfate, dried over anhydrous sodium sulfate, and filtered. The

filtrate was concentrated under reduced pressure to give a crude material, which was purified by
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silica gel column chromatography (hexane) to afford the title compound (1.3g, 8.1 mmol, 49%),

whose spectroscopic data were corresponding with those reported in the literature.*®

Preparation of cyclohex-1-en-1-yl diethyl phosphate (151).

A flame-dried 500-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic
stirring bar, a rubber septum, and an inlet adapter with a three-way stopcock was backfilled with
argon. To the flask were added diisopropylamine (distilled, 5.1 mL, 36 mmol) and THF (100 mL).
The resulting solution was cooled to —65 °C and n-butyllithium (1.63 M in hexane, 22.1 mL, 36.0
mmol) was added dropwise. After the reaction mixture was stirred at —65 °C for 30 min, the flask
was warmed to 0 °C and stirred for 10 min. The resulting LDA was cooled to —65 °C and to the
LDA was added cyclohexanone (3.11 mL, 30.0 mmol) dropwise. After the solution was stirred
for 45 min, diethyl chlorophosphite (5.20 mL, 36.0 mmol) was added at —65 °C and stirred at
room temperature for 2.5 h. The reaction was quenched with saturated aqueous ammonium
chloride and the aqueous was extracted once with dichloromethane. The combined organic
extracts was dried over magnesium sulfate and filtered. The filtrate was concentrated under
reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane/isopropyl acetate = 4:3) to afford the title compound (5,2 g, 22 mmol,

74%), whose spectroscopic data were corresponding with those reported in the literature.*®

Preparation of cyclohex-1-en-1-yl nonafluorobuthanesulfonate (152).

A flame-dried 500 mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic
stirring bar, a rubber septum, and an inlet adapter with a three-way stopcock was backfilled with
argon. To the flask were added diisopropylamine (distilled, 2.95 mL, 21.0 mmol) and THF (200

mL). The resulting solution was cooled to —78 °C and n-butyllithium (1.63 M in hexane, 12.9 mL,
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21.0 mmol) was added dropwise. After the reaction mixture was stirred at —78 °C for 30 min, the
flask was warmed to 0 °C and stirred for 10 min. The resulting LDA was cooled to —78 °C and to
the LDA was added cyclohexanone (2.07 mL, 20.0 mmol) dropwise. After the solution was stirred
for 1 h, nonafluorobutanesulfonyl fluoride (4.10 mL, 24 mmol) was added at —78 °C and stirred
at room temperature for 8 h. The reaction mixture was treated with saturated aqueous ammonium
chloride and the aqueous was extracted once with isopropyl acetate. The combined organic
extracts was dried over magnesium sulfate and filtered. The filtrate was concentrated under
reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane) on silica gel to afford the title compound (3.7 g, 9.7 mmol, 48%), whose

spectroscopic datawere corresponding with those reported in the literature.*

Preparation of Cyclic Enol Triflates.

General Procedure A.

Cyclohex-1-en-1-yl trifluoromethanesulfonate (127).

A flame-dried two-necked 500-mL flat-bottomed flask equipped with a Teflon-coated magnetic
stirring bar and a rubber septum was charged with cyclohexanone (126: 3.11 mL, 30.0 mmol) and
anhydrous dichloromethane (200 mL). After the resulting solution was cooled to 0 °C, sodium
carbonate (6.41 g, 60 mmol) and trifluoromethanesulfonic anhydride (7.88 mL, 48 mmol) were
added subsequently, and the solution was warmed to room temperature. After stirring at room
temperature for 18 h, the resulting mixture was poured into ice water. The mixture was partitioned
between dichloromethane and water, and the aqueous layer was extracted twice with
dichloromethane. The combined organic extracts were washed with brine, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude

material, which was purified by silica gel column chromatography (hexane) to afford the
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corresponding enol triflate 127 (4.12 g, 17.9 mmol, 60%) as a colorless oil. Ry= 0.33 (hexane);
IR (ATR, cm™'): 2941, 1415, 1024, 1141, 1032, 881, 832, 610; '"H NMR (400 MHz, CDCls): 8
5.78-5.73 (m, 1H), 2.34-2.28 (m, 2H), 2.22-2.14 (m, 2H), 1.83—1.74 (m, 2H), 1.63—1.57 (m, 2H);
3C NMR (100 MHz, CDCls): 5 149.5, 118.7 (q, 'Jcr =318 Hz), 118.6, 27.7, 24.0,22.8, 21.1; F
NMR (376 MHz, CDCl;5): 6 —77.2; HRMS (DEI") m/z: calcd. for C7HoF30sS, 230.0219 [M];

found, 230.0225.

Cyclohept-1-en-1-yl trifluoromethanesulfonate (154).

The title compound was obtained as a colorless oil in 49% yield (2.01 g, 8.23 mmol) from
cycloheptanone (2.00 mL, 16.9 mmol) according to the general procedure A. Ri = 0.19 (hexane);
IR (ATR, cm™): 2934, 1415, 1203, 1141, 989, 868, 610; *H NMR (400 MHz, CDCls): & 5.88 (t,
1H, J = 6.4 Hz), 2.55-2.49 (m, 2H), 2.20-2.12 (m, 2H), 1.77-1.59 (m, 6H); *C NMR (100 MHz,
CDCls): 8 153.2, 123.2, 118.7 (q, YJcr = 318 Hz), 33.3, 30.0, 26.4, 24.9, 24.8; 19F NMR (376
MHz, CDCls): & —77.1; HRMS (DEI*) m/z: calcd. for CgH11F305S, 244.0376 [M]*; found,

244.0374.

(E)-Cyclooct-1-en-1-yl trifluoromethanesulfonate (155).

The title compound was obtained as a colorless oil in 85% vyield (2.16 g, 8.36 mmol) from
cyclooctanone (1.24 g, 9.82 mmol) according to the general procedure A. Rs = 0.16 (hexane); IR
(ATR, cm™): 2935, 1414, 1204, 1143, 935, 606; *H NMR (400 MHz, CDCl3): 6 5.69 (t, 1H, J =
8.6 Hz), 2.50-2.44 (m, 2H), 2.21-2.12 (m, 2H), 1.77-1.68 (m, 2H), 1.65-1.50 (m, 6H); *C NMR
(100 MHz, CDCls): 8 151.1, 120.7, 118.7 (q, Yc-r = 318 Hz), 29.7, 29.2, 27.3, 25.9, 25.6, 25.1;
F NMR (376 MHz, CDCls): § —77.4; HRMS (DEI*) m/z: calcd. for CoH13F303S, 258.0532 [M];

found, 258.0526.
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3,4-Dihydronaphthalen-1-yl trifluoromethanesulfonate (160e).

The title compound was obtained as a yellow oil in 77% yield (2.40 g, 8.64 mmol) from a-
tetralone (1.50 mL, 11.2 mmol) according to the general procedure A. Rs = 0.49 (hexane/diethyl
ether = 9:1); IR (ATR, cm™): 1418, 1209, 1141, 1011, 900, 763, 620, 600; *H NMR (400 MHz,
CDCls): & 7.38-7.32 (m, 1H), 7.30-7.23 (m, 2H), 7.21-7.14 (m, 1H), 6.02 (t, 1H, J = 4.6 Hz),
2.87 (t, 2H, J = 8.0 Hz), 2.51 (td, 2H, J = 8.0, 4.6 Hz); *C NMR (100 MHz, CDCls): & 146.5,
136.4, 129.3, 128.8, 127.9, 127.0, 121.3, 118.7 (q, YJcr = 318 Hz), 117.9, 26.9, 22.4; *F NMR
(376 MHz, CDCls): 5 —77.2; HRMS (DEI*) m/z: calcd. for C11HeFsOsS, 278.0219 [M]*; found,

278.0216.

General Procedure B.

6,6-Dimethylcyclohex-1-en-1-yl trifluoromethanesulfonate (160c).

A flame-dried two-necked 100-mL round-bottomed flask equipped with a Teflon-coated
magnetic stirring bar, a rubber septum, and an inlet adapter with a three-way stopcock was
charged with distilled diisopropylamine (0.69 mL, 4.8 mmol) and anhydrous THF (8.0 mL). After
the resulting solution was cooled to —78 °C, n-BuL.i (1.60 M, 3.0 mL, 4.8 mmol) was added to the
flask. The mixture was then warmed to 0 °C and stirred for 20 min. After the reaction mixture
was re-cooled to —78 °C, 2,2-dimethylcyclohexanone (0.55 mL, 4.0 mmol) was added dropwise
to the flask. After stirring at —78 °C for 1 h, N-phenyl-bis(trifluoromethanesulfonimide) (1.72 g,
4.8 mmol) in THF (5.0 mL) was added at —78 °C and the mixture was stirred at room temperature
for 2.5 h. The reaction was quenched with water, and the mixture was partitioned between diethyl
ether and water, and the aqueous layer was extracted twice with diethyl ether. The combined

organic extracts were washed with 1 M aqueous sodium hydroxide (20 mL) followed by brine,
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dried over anhydrous sodium sulfate, and filtered. The filtrate was concentrated under reduced
pressure to give a crude material, which was purified by silica gel column chromatography
(hexane) to afford the corresponding enol triflate 160c (0.564 g, 2.18 mmol, 55%) as a colorless
oil. Rr=0.29 (hexane); IR (ATR, cm™): 2941, 1411, 1205, 1143, 1020, 873, 617, 602; *H NMR
(400 MHz, CDCls): § 5.66 (t, 1H, J = 4.0 Hz), 2.21-2.13 (m, 2H), 1.65-1.62 (m, 4H), 1.14 (s,
6H): *C NMR (100 MHz, CDCls): & 156.0, 118.5 (q, YJc r = 317 Hz), 116.3, 39.2, 35.2, 26.4,
25.0, 18.6; F NMR (376 MHz, CDCls): § —78.0; HRMS (DEI*) m/z: calcd. for CoH13F30sS,

258.0532 [M]*; found, 258.0527.

4-Ethylcyclohex-1-en-1-yl trifluoromethanesulfonate (160a).

The title compound was obtained as a colorless oil in 68% yield (2.56 g, 9.91 mmol) from 4-
ethylcyclohexanone (2.00 mL, 14.5 mmol) according to the general procedure B with KHMDS
(LM in THF) instead of LDA. Rs=0.32 (hexane); IR (ATR, cm?): 2926, 1416, 1205, 1143, 1053,
1025, 867, 614; 'H NMR (400 MHz, CDCls): § 5.72 (m, 1H), 2.45-2.22 (m, 3H), 1.92-1.76 (m,
2H), 1.54-1.28 (m, 4H), 0.92 (t, 3H, J = 7.6 Hz); *C NMR (100 MHz, CDCls): & 149.4, 118.7 (q,
1Jc ¢ = 318 Hz), 118.0, 34.1, 30.0, 28.4, 28.1, 27.4, 11.6; °F NMR (376 MHz, CDCls): § —77.2;

HRMS (DEI") m/z: calcd. for CoH13F303S, 258.0532 [M]*; found, 258.0526.

6-Benzylcyclohex-1-en-1-yl trifluoromethanesulfonate (160b).

The title compound was obtained as a colorless oil in 92% vyield (2.76 g, 8.60 mmol) from 2-
benzylcyclohexanone (1.75 g, 9.29 mmol) according to the general procedure B. Ri = 0.17
(hexane); IR (ATR, cm™): 2939, 1415, 1207, 1142, 1026, 892, 869, 606; 'H NMR (400 MHz,
CDCls): § 7.33-7.27 (m, 2H), 7.25-7.20 (m, 1H), 7.18-7.14 (m, 2H), 5.83 (td, 1H, J = 4.0, 1.6

Hz), 3.14 (dd, 1H, J = 13.6, 3.4 Hz), 2.74-2.64 (m, 1H), 2.50 (dd, 1H, J = 13.6, 10.4 Hz), 2.21-
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2.15 (m, 2H), 1.72-1.45 (m, 4H); *C NMR (100 MHz, CDCls): & 152.0, 139.1, 129.3, 128.6,
126.5,119.7, 118.7 (q, YJc ¢ = 318 Hz), 39.5, 37.7, 27.3, 24.5, 18.6; 1°F NMR (376 MHz, CDCls):

8 —77.2; HRMS (DEI") m/z: calcd. For C14H1sF30sS, 320.0689 [M]*; found, 320.0675.

Spiro[4.5]dec-6-en-6-yl trifluoromethanesulfonate (160d).

The title compound was obtained as a colorless oil in 75% yield (2.57 g, 9.04 mmol) from the
corresponding ketone (1.84 g, 12.0 mmol) according to the general procedure B. R; = 0.29
(hexane); IR (ATR, cm™): 2947, 2872, 1410, 1206, 1143, 1016, 916, 871, 617; 'H NMR (400
MHz, CDCls): § 5.70 (t, 1H, J = 4.0 Hz), 2.21-2.13 (m, 2H), 1.92-1.80 (m, 2H), 1.74-1.55 (m,
8H), 1.54-1.44 (m, 2H); 3C NMR (100 MHz, CDCls): § 154.9, 118.5 (q, “Jc_r = 318 Hz), 116.3,
45.9, 37.5, 36.8, 25.3, 24.7, 19.5; °F NMR (376 MHz, CDCls): § —78.1; Anal. calcd. for

C11H1sF30sS: C, 46.47; H, 5.32. Found: C, 46.46; H, 5.27.

Ethyl 1-methyl-2-(((trifluoromethyl)sulfonyl)oxy)cyclohex-2-ene-1-carboxylate (160f).

The title compound was obtained as a colorless oil in 53% yield (0.536 g, 1.69 mmol) from the
corresponding cyclohexanone (0.589 g, 3.20 mmol) according to the general procedure B. Ry =
0.36 (hexane/diethyl ether = 5:1); IR (ATR, cm): 2946, 1735, 1414, 1207, 1142, 1026, 957, 900,
770, 606; 'H NMR (400 MHz, CDCl3): & 5.84 (t, 1H, J = 4.2 Hz), 4.18 (q, 2H, J = 7.2 Hz), 2.32—
2.10 (m, 3H), 1.72-1.55 (m, 3H), 1.41 (s, 3H), 1.26 (t, 3H, J = 7.2 Hz); 3C NMR (100 MHz,
CDCls): 5 173.7, 149.6, 119.0, 118.4 (q, YJc ¢ = 317 Hz), 61.7, 46.8, 36.0, 24.5, 22.2, 18.7, 14.1;
F NMR (376 MHz, CDCl3): § —78.3; HRMS (DART") m/z: calcd. for C11H16F30sS, 317.0671

[M+H]*; found, 317.0664.
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(+)-(5S,8R,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
4,5,6,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl
trifluoromethanesulfonate (165).%

A flame-dried two-necked 100-mL Schlenk tube equipped with a Teflon-coated magnetic stirring
bar, a rubber septum and an inlet adapter with a three-way stopcock was charged with 5a-
cholestan-3-one (164: 0.776 g, 2.01 mmol) and anhydrous dichloromethane (6.7 mL). After the
resulting solution was cooled to 0 °C, trifluoromethanesulfonic anhydride (0.37 mL, 2.2 mmol)
and 2,6-di-tert-butyl-4-methylpyridine (0.459 g, 2.24 mmol) were added to the solution, and the
reaction mixture was warmed to room temperature. After stirring at room temperature for 22 h,
trifluoromethanesulfonic acid (one drop) and trifluoromethanesulfonic anhydride (0.2 mL) were
added to isomerize the resulting enol triflate. Progress of the isomerization was monitored by *H
NMR. Trifluoromethanesulfonic acid (1 drop) and trifluoromethanesulfonic anhydride (0.2 mL)
were added four times every 24 h. After stirring at room temperature for 5 days, the solvent was
removed under reduced pressure. The residue was suspended in hexane (10 mL) and the resultant
mixture was filtered through Celite. The filtrate was washed with 1 M aqueous hydrochloric acid
(10 mL) followed by brine, dried over anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure to give a crude material, which was purified by silica gel
column chromatography (hexane) to afford enol triflate 151 (0.808 g, 1.56 mmol, 78%, 85:15) as
a colorless solid.

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar, a rubber
septum, and an inlet adapter with a three-way stopcock was charged with enol triflate 165 (0.483
g, 0.931 mmol, 85:15) and anhydrous dichloromethane (4.5 mL). To the resulting solution were
added trifluoromethanesulfonic acid (2 drops) and trifluoromethanesulfonic anhydride (0.40 mL,

2.44 mmol) at room temperature. After stirring at 40 °C for 2 days, the resulting mixture was
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treated with water. The organic layer was washed with brine, dried over anhydrous sodium sulfate,
and filtered. The filtrate was concentrated under reduced pressure to give a crude material, which
was purified by silica gel column chromatography (hexane) to afford the corresponding enol
triflate 165 (0.452 g, 0.871 mmol, 94%, 95:5) as a colorless solid. Rf= 0.30 (hexane); [a]p ¥’ =
+48 (¢ 0.400, CHCIs); M.p. 83-86 °C; IR (ATR, cm™?): 2929, 2866, 1417, 1247, 1204, 1143, 1040,
901, 873, 615; 'H NMR (400 MHz, CDCls): 6 5.67-5.62 (m, 1H), 2.22-2.05 (m, 3H), 2.03-1.95
(m, 1H), 1.92-1.76 (m, 2H), 1.72-1.64 (m, 1H), 1.62-0.62 (m, 22H), 0.90 (d, 3H, J = 6.8 Hz),
0.864 (d, 3H, J = 6.4 Hz), 0.860 (d, 3H, J = 6.4 Hz), 0.79 (s, 3H), 0.66 (s, 3H); *C NMR (100
MHz, CDCls): § 147.8, 118.7 (q, {Jcr = 318 Hz), 117.3, 56.4, 53.5, 42.6, 42.3, 40.0, 39.7, 38.6,
36.3, 36.0, 35.6, 34.6, 32.2, 31.6, 28.4, 28.3, 28.2, 24.3, 24.0, 23.0, 22.7, 21.4, 18.8, 12.1, 11.7;
19F NMR (376 MHz, CDCls): § —77.2; HRMS (DEI*) m/z: calcd. for CosHasF203S, 518.3036 [M]*;

found, 518.3034.

6-Cyano-6-methylcyclohex-1-en-1-yl trifluoromethanesulfonate (175).

The title compound was obtained as a colorless oil in 80% yield (317 mg, 1.18 mmol) from 1-
methyl-2-oxocyclohexane-1-carbonitrile ®® (202.3 mg, 1.47 mmol) according to the general
Procedure B with KHMDS (0.5 M in toluene) instead of LDA. R¢= 0.26 (hexane/diethyl ether =
9:1); IR (ATR, cm™): 2950, 2901, 2310, 2240, 1676, 1417, 1249, 1210, 1138, 1050, 957, 836,
852, 759, 604; '"H NMR (400 MHz, CDCl;): 4 6.01 (dd, 1H, J= 5.0, 3.2 Hz), 2.41-2.21 (m, 3H),
1.92-1.72 (m, 3H), 1.58 (s, 3H); *C NMR (100 MHz, CDCls): & 145.2, 121.6, 120.8, 118.5 (q,
UJcr = 330 Hz), 36.9, 36.2, 24.3, 23.5, 18.6; '°F NMR (376 MHz, CDCl;): § —77.2; HRMS

(DART") m/z: calcd. for CoH;1F3NOsS, 270.0412 [M+H]"; found, 270.0418.
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Optimization of Amide Bases.

9,10-Diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene (59).

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 127 (116.0 mg, 0.504 mmol), 1,3-
diphenylisobenzofuran (58) (203.8 mg, 0.754 mmol), and anhydrous THF (2.4 mL). To the
mixture was added a base (1.51 mmol, 3.0 equiv) at —78 °C. After stirring at room temperature
for 3 h, the reaction mixture was treated with saturated aqueous ammonium chloride. The
resulting mixture was extracted with diethyl ether (2 mL) three times. The combined organic
extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated
under reduced pressure. The yields of cycloadduct 51 were determined by *H NMR analysis using
1,1,2,2-tetrachloroethane (23.4 mg, 0.139 mmol) as an internal standard by comparing relative
values of integration for the peaks observed at 7.00-6.94 ppm (2 protons) with that of 1,1,2,2-

tetrachloroethane observed at 5.94 ppm.

[4+2] Cycloaddition with 1,3-Diphenylisobenzofuran (58).
9,10-Diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene (59).

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 127 (69.1 mg, 0.300 mmol), 1,3-
diphenylisobenzofuran (58) (122.2 mg, 0.452 mmol), and anhydrous THF (1.7 mL). To the
mixture was added Mg(TMP),-2LiCl (0.229 M, 3.95 mL, 0.90 mmol, 3.0 equiv) at —78 °C. After
stirring at room temperature for 2 h, the reaction mixture was treated with saturated aqueous
ammonium chloride. The resulting mixture was extracted with diethyl ether (2 mL) three times.
The combined organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate

was concentrated under reduced pressure to give a crude material, which was purified by silica
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gel column chromatography (hexane/dichloromethane = 5:1 to 1:1, gradient) to afford the title
compound (57.4 mg, 0.164 mmol, 55%) as a pale greenish yellow solid. Ri = 0.49
(hexane/dichloromethane = 1:1); M.p. 143-144 °C; IR (ATR, cm™): 2922, 1457, 1448, 1308, 999,
761, 744, 702, 656; 'H NMR (400 MHz, CDCls): § 7.76-7.71 (m, 4H), 7.54-7.48 (m, 4H), 7.44—
7.38 (m, 2H), 7.24-7.18 (m, 2H), 7.00-6.94 (m, 2H), 2.33-2.20 (m, 2H), 2.11-1.99 (m, 2H),
1.65-1.53 (M, 2H), 1.50-1.39 (m, 2H); 3C NMR (100 MHz, CDCls): § 151.9, 150.3, 135.5, 128.5,
127.8,126.4,124.7, 119.1, 92.4, 23.5, 22.5; HRMS (DART™") m/z: calcd. for CsH230, 351.1749

[M+H]*; found, 351.1761.

5,11-Diphenyl-6,7,8,9,10,11-hexahydro-5H-5,11-epoxycyclohepta[b]naphthalene (158).

The title compound was obtained as a pale greenish yellow solid in 58% yield (103.9 mg, 0.285
mmol) from 154 (120.9 mg, 0.495 mmol) according to the general procedure (rt, 5 h). R = 0.51
(hexane/dichloromethane = 1:1); M.p. 147-149 °C; IR (ATR, cm™): 2919, 1448, 1306, 1024,
1005, 762, 743, 703, 691; 'H NMR (400 MHz, CDCls): § 7.78-7.74 (m, 4H), 7.53-7.48 (m, 4H),
7.44-7.36 (m, 4H), 7.04-6.98 (M, 2H), 2.54-2.44 (m, 2H), 2.00-1.89 (m, 2H), 1.83-1.72 (m, 1H),
1.68-1.57 (m, 2H), 1.49-1.36 (m, 2H), 1.33-1.19 (m, 1H); 3C NMR (100 MHz, CDCls): & 151.6,
151.2,135.7,128.4,128.0, 127.6, 124.7,119.5, 93.4, 29.6, 28.1, 27.8; HRMS (DART™") m/z: calcd.

for C27H250, 365.1905 [M+H]*; found, 365.1911.

5,12-Diphenyl-5,6,7,8,9,10,11,12-octahydro-5,12-epoxycycloocta[b]naphthalene (159).

The title compound was obtained as a pale greenish yellow solid in 96% yield (173.7 mg, 0.459
mmol) from 155 (122.8 mg, 0.475 mmol) according to the general procedure (rt, 3 h). Rt = 0.45
(hexane/CH,Cl = 1:1); M.p. 168-170 °C; IR (ATR, cm™): 2924, 2847, 1450, 1307, 995, 751, 741,

700, 669; *H NMR (400 MHz, CDCls): § 7.78 (d, 4H, J = 7.6 Hz), 7.53 (dd, 4H, J = 7.6, 7.6 Hz),
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7.42 (t, 2H, J = 7.6 Hz), 7.37-7.30 (m, 2H), 7.00-6.94 (m, 2H), 2.46-2.27 (m, 4H), 1.65-1.56 (m,
2H), 1.43-1.30 (m, 2H), 1.23-1.12 (m, 2H), 0.76-0.64 (m, 2H): 3C NMR (100 MHz, CDCls): §
151.6, 150.3, 135.7, 128.5, 127.8, 126.7, 124.8, 119.5, 92.7, 28.3, 25.6, 24.7; HRMS (DART")

m/z: calcd. for CasH»70, 379.2062 [M+H]*; found, 379.2059.

2-Ethyl-9,10-diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene (161a).

The title compound was obtained as a pale greenish yellow amorphous in 62% yield (118.9 mg,
0.314 mmol) as a 1:1 mixture of diastereomers from 160a (130.7 mg, 0.506 mmol) according to
the general procedure (rt, 5 h). R = 0.53 (hexane/dichloromethane = 1:1); IR (ATR, cm™?): 2961,
2921, 1450, 1309, 1261, 1093, 1005, 803, 745, 702; *H NMR (400 MHz, CDCls): & 7.80-7.74
(m, 2H), 7.73-7.68 (m, 2H), 7.56-7.47 (m, 4H), 7.45-7.37 (m, 2H), 7.26-7.16 (m, 2H), 7.01—
6.93 (m, 2H), 2.45-1.82 (m, 3.5H), 1.77-1.58 (m, 1.5H), 1.57-1.41 (m, 0.5H), 1.34-0.95 (m,
3.5H), 0.84 (t, 1.5H, J = 7.2 Hz), 0.84 (t, 1.5H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl5): § 152.5,
152.3, 151.6, 151.4, 151.3, 150.9, 149.7, 149.5, 135.63, 135.61, 135.57, 135.50, 128.6, 128.52,
128.48,128.1, 128.0, 127.8, 127.7, 127.0, 126.8, 126.4, 126.1, 124.7, 119.4, 119.3, 119.1, 119.0,
92.50, 92.47, 92.42, 92.3, 36.3, 35.2, 29.9, 29.5, 28.9, 28.6, 28.5, 28.1, 24.1, 23.0, 11.7, 11.6;

HRMS (DART™) m/z: calcd. for CsH270, 379.2062 [M+H]*; found, 379.2077.

1-Benzyl-9,10-diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene (161b).

The title compound was obtained as a pale greenish yellow amorphous in 65% yield (143.6 mg,
0.326 mmol) as a 9:4 mixture of diastereomers from 160b (159.9 mg, 0.499 mmol) according to
the general procedure (rt, 7 h). The diastereomers were separated by silica gel column
chromatography.

Major diastereomer (colorless solid): Rs = 0.36 (hexane/dichloromethane = 1:1); M.p. 205—
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208 °C; IR (ATR, cm™): 1494, 1452, 1306, 1006, 986, 746, 736, 706, 695; *H NMR (400 MHz,
CDCly): 5 8.00-7.94 (m, 2H), 7.72-7.65 (m, 2H), 7.61-7.54 (m, 2%$), 7.53-7.35 (m, 5H), 7.28—
7.23 (m, 1H), 7.22-7.10 (m, 3H), 7.09-6.98 (m, 2H), 6.93-6.87 (m, 2H), 2.97-2.82 (m, 2H),
2.32-2.22 (m, 1H), 2.12-2.01 (m, 1H), 1.77 (dd, 1H, J = 13.2, 12.0 Hz), 1.64-1.43 (m, 3H), 1.14—
1.03 (m, 1H); *C NMR (100 MHz, CDCls): & 153.2, 152.7, 151.9, 151.5, 140.6, 135.7, 135.4,
129.0, 128.9, 128.5, 128.3, 127.8, 126.5, 126.1, 124.9, 124.7, 121.0, 119.4, 93.2,92.1, 37.4, 36.8,
27.2,24.0, 20.1 (two aromatic carbon signals are missing due to overlapping); HRMS (DART™)
m/z: calcd. for CasHz90, 441.2218 [M+H]*; found, 441.2202.

Minor diastereomer (pale greenish yellow amorphous): Rs = 0.49 (hexane/dichloromethane =
1:1); M.p. 193-196 °C; IR (ATR, cm™): 1495, 1449, 1309, 1005, 985, 755, 746, 703, 674; 'H
NMR (400 MHz, CDCls): § 7.98-7.92 (m, 2H), 7.78-7.71 (m, 2H), 7.63-7.56 (m, 2H), 7.56—7.49
(m, 2H), 7.46-7.37 (m, 3H), 7.23-7.16 (m, 3H), 7.15-7.09 (m, 1H), 7.00-6.91 (m, 4H), 2.62—
2.53 (m, 1H), 2.36-2.26 (m, 1H), 2.18-2.06 (m, 2H), 2.02-1.89 (m, 1H), 1.67-1.45 (m, 3H),
1.07-0.94 (m, 1H); 3C NMR (100 MHz, CDCls): 5 152.5, 151.9, 151.3, 150.8, 141.0, 136.6,
135.6, 129.2, 128.8, 128.5, 128.2, 127.9, 127.8, 126.1, 125.9, 125.4, 124.9, 124.8, 119.1, 119.0,
92.1, 91.5, 38.0, 34.3, 24.8, 24.1, 17.8; HRMS (DART") m/z: calcd. for CssH2»0O, 441.2218

[M+H]*; found, 441.2236.

1,1-Dimethyl-9,10-diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene (161c).

The title compound was obtained as a pale greenish yellow solid in 75% yield (136.6 mg, 0.361
mmol) from 160c (125.2 mg, 0.484 mmol) according to the general procedure (rt, 5 h). Rs = 0.46
(hexane/dichloromethane = 1:1); M.p. 170-172 °C; IR (ATR, cm™): 1449, 983, 743, 703, 686;
IH NMR (400 MHz, CDCls): & 8.08-8.03 (m, 2H), 7.76-7.68 (m, 3H), 7.52—7.44 (m, 4H), 7.43—

7.36 (m, 2H), 7.21 (d, 1H, J = 7.2 Hz), 7.04 (ddd, 1H, J = 7.2, 7.2, 1.2 Hz), 7.00-6.94 (m, 1H),
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2.26 (dt, 1H, J = 18.0, 5.6 Hz), 1.95 (ddd, 1H, J = 18.0, 7.2, 6.0 Hz), 1.65-1.42 (m, 2H), 1.34
(ddd, 1H, J = 13.2, 7.6, 2.8 Hz), 1.08 (ddd, 1H, J = 13.2, 10.0, 2.8 Hz), 0.90 (s, 3H), 0.75 (s, 3H);
13C NMR (100 MHz, CDCls): § 156.5, 152.7, 151.7, 149.6, 138.3, 135.7, 128.4, 128.2, 128.1,
127.8, 126.6, 124.8, 124.5, 120.7, 119.2, 92.8, 91.1, 41.1, 33.6, 28.2, 25.6, 24.5, 19.8; HRMS

(DART™) m/z: calcd. for CasH270, 379.2062 [M+H]"; found, 379.2052.

9',10'-Diphenyl-3',4',9',10'-tetrahydro-2'H-spiro[cyclopentane-1,1'[9,10]epoxyanthracene]

(161d).

The title compound was obtained as a pale greenish yellow solid in 81% yield (138.5 mg, 0.487
mmol) from 160d (159.7 mg, 0.395 mmol) according to the general procedure (rt, 4 h). R =0.41
(hexane/dichloromethane = 1:1); M.p. 183-185 °C; IR (ATR, cm™1): 2928, 1448, 1219, 995, 772,
745, 703; 1H NMR (400 MHz, CDCls): § 8.04-7.99 (m, 2H), 7.74-7.68 (m, 3H), 7.53-7.43 (m,
4H), 7.43-7.34 (m, 2H), 7.21 (d, 1H, J = 6.4 Hz), 7.06-7.01 (m, 1H), 7.00-6.94 (m, 1H), 2.32—
2.21 (m, 1H), 2.02-1.87 (m, 2H), 1.64-1.32 (m, 7H), 1.31-1.11 (m, 2H), 1.09-0.98 (m, 2H); 13C
NMR (100 MHz, CDCls): 6 155.2, 152.6, 151.9, 150.6, 138.1, 135.7, 128.4, 128.2, 128.1, 127.8,
126.7,124.8,124.5, 120.5,119.2,92.9,91.1, 44.5, 38.2, 37.5, 35.3, 24.9, 24.6, 24.5, 20.3; HRMS

(DART™) m/z: calcd. for C3H290, 405.2218 [M+H]*; found, 405.2236.

7,12-Diphenyl-5,6,7,12-tetrahydro-7,12-epoxytetraphene (161e).

The title compound was obtained as a pale greenish yellow solid in 91% vyield (184.8 mg, 0.464
mmol) from 160e (142.7 mg, 0.512 mmol) according to the general procedure (rt, 3 h). Rf = 0.44
(hexane/dichloromethane = 1:1); M.p. 209-211 °C; IR (ATR, cm™): 1485, 1452, 1311, 997, 759,
704; *H NMR (400 MHz, CDCls): & 7.87-7.80 (m, 2H), 7.71-7.67 (m, 2H), 7.54-7.46 (m, 6H),

7.45-7.39 (m, 1H), 7.20 (d, 1H, J = 6.8 Hz), 7.14 (d, 1H, J = 7.2 Hz), 7.09-6.93 (m, 4H), 6.76 (d,
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1H, J = 7.6 Hz), 2.98 (ddd, 1H, J = 16.3, 15.2, 7.6 Hz), 2.84 (ddd, 1H, J = 15.2, 6.4, 1.2 Hz), 2.73
(ddd, 1H, J = 17.6, 7.6, 1.2 Hz), 2.10 (ddd, 1H, J = 17.6, 16.3, 6.4 Hz); *C NMR (100 MHz,
CDCls): §157.1, 152.2, 149.2, 148.1, 135.1, 135.0, 134.2, 131.2, 130.8, 129.5, 128.8, 128.7, 128.1,
127.7, 126.8, 126.6, 126.4, 125.3, 125.0, 122.3, 121.3, 119.7, 93.4, 92.3, 28.7, 23.9; HRMS

(DARTY) m/z: calcd. for C3H230, 399.1749 [M+H]*; found, 399.1755.

Ethyl 1-methyl-9,10-diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene-1-carboxylate
(161f).

The title compound was obtained as a brown solid in 60% yield (102.6 mg, 0.240 mmol) as a 3:2
mixture of diastereomers from 160f (126.7 mg, 0.400 mmol) according to the general procedure
(rt, 3 h). Ry = 0.54 (hexane/diethyl ether = 1:1); M.p. 107-109 °C; IR (ATR, cm™): 2932, 1727,
1453, 1219, 772, 747, 703; *H NMR (400 MHz, CDCls): & 7.89-7.84 (m, 0.8H), 7.82-7.69 (m,
3.2H), 7.56-7.32 (m, 7.2H), 7.25-7.18 (m, 0.8H), 7.05-6.94 (m, 2H), 4.26 (dq, 0.6H, J = 10.8,
7.2 Hz), 3.96 (dg, 0.6H, J = 10.8, 7.2 Hz), 3.71 (dq, 0.4H, J = 10.8, 7.2 Hz), 3.31 (dq, 0.4H, J =
10.8, 7.2 Hz), 2.38-2.06 (m, 2H), 1.85-1.70 (m, 1.6H), 1.62—1.45 (m, 1.6H), 1.43-1.33 (m, 0.4H),
1.31-1.23 (m, 0.4H), 1.17 (s, 1.2H), 1.11 (t, 1.8H, J = 7.2 Hz), 0.99 (t, 1.2H, J = 7.2 Hz), 0.79 (s,
1.8H); 3C NMR (100 MHz, CDCls): 6 176.0, 175.6,151.8, 151.6, 151.15, 151.10, 150.66, 150.63,
150.5, 149.7, 136.6, 136.0, 135.2, 135.0, 128.0, 127.9, 127.5, 127.4, 127.3, 126.6, 126.2, 125.7,
124.5,124.3,124.24,124.15,119.6,119.4,119.1, 118.4,91.9,91.4,91.1, 90.9, 60.22, 60.18, 43.7,
43.4, 37.1, 36.2, 23.2, 22.9, 22.5, 20.4, 18.9, 18.5, 13.7, 13.5; HRMS (DART™) m/z: calcd. for

CaoH2903, 437.2117 [M+H]+; fOUﬂd, 437.2126.

1-Methyl-9,10-diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene-1-carbonitrile (177).

The title compound was obtained as a pale green ish yellow amorphous in 58% yield (62.8 mg,
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0.161 mmol) as a 5:3 mixture of diastereomers from 175 (76.6 mg, 0.284 mmol) according to the
general procedure(60 °C, 3 h). Rf=0.41, 0.32 (hexane/diethyl ether = 4:1); IR (ATR, cm™?): 2929,
2233, 1452, 999, 746, 704, 687; *H NMR (400 MHz, CDCls): § 8.15-8.11 (m, 1.25H), 8.10-8.05
(m, 0.75H), 7.79-7.70 (m, 2H), 7.67-7.62 (m, 0.75H), 7.60-7.37 (m, 6.87H), 7.33-7.28 (m,
0.38H), 7.12-6.99 (m, 2H), 2.50-1.51 (m, 6H), 1.16 (s, 1.2H), 0.99 (s, 1.8H); *C NMR (100
MHz, CDCls): 6 157.7, 154.7, 152.2, 150.9, 150.7, 150.0, 148.1, 146.3, 136.1, 134.7, 134.5,
129.5, 129.4, 129.0, 128.73, 128.68, 128.64, 128.30, 128.27, 128.2, 126.8, 126.5, 126.4, 125.6,
125.4,125.1, 125.0, 123.6, 122.5, 121.6, 120.4, 120.1, 119.5, 93.4, 91.9, 91.7, 91.6, 38.3, 37.6,
33.4,32.4,24.6,24.3,23.7,21.8,19.8, 19.5; HRMS (DART*) m/z: calcd. for C,sH24NO, 390.1858

[M+H]*; found, 390.1843.

[3+2] Cycloaddition with 2,6-diisopropylphenylazide (162).
1-(2,6-Diisopropylphenyl)-4,5,6,7-tetrahydro-1H-benzo[d][1,2,3]triazole (163a).

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 127 (81.9 mg, 0.356 mmol), 2,6-
diisopropylphenylazide (162) (210.9 mg, 1.04 mmol), and anhydrous THF (1.47 mL). To the
mixture was added Mg(TMP),-2LiCl (0.315 M, 3.39 mL, 1.07 mmol, 3.0 equiv) at —78 °C. After
stirring at room temperature for 19 h, the reaction mixture was treated with saturated aqueous
ammonium chloride. The resulting mixture was extracted with diethyl ether (2 mL) three times.
The combined organic extracts were washed with brine, dried over anhydrous sodium sulfate, and
filtered. The filtrate was concentrated under reduced pressure to give a crude material, which was
purified by silica gel column chromatography (hexane/diethyl ether = 9:1 to 1:1, gradient) to
afford the corresponding triazole (163a) (31.3 mg, 0.110 mmol, 31%) as a yellow solid. Rf= 0.14

(hexane/diethyl ether = 3:1); M.p. 119-121 °C; IR (ATR cml): 2961, 2931, 2869, 1680, 1461,
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1185, 1059, 962, 807, 768; *H NMR (400 MHz, CDCls):  7.47 (t, 1H, J = 7.6 Hz), 7.28 (d, 2H,
J=7.6Hz),2.87 (t, 2H, J = 5.8 Hz), 2.32 (t, 2H, J = 6.2 Hz), 2.18 (sept, 2H, J = 6.8 Hz), 1.92—
1.73 (m, 4H), 1.13 (d, 12H, J = 6.8 Hz); °C NMR (100 MHz, CDCls): 5 146.5, 142.8, 134.3,
132.0, 130.7,124.0, 28.4, 24.8, 23.4, 22.9, 22.6, 22.0, 20.6; HRMS (ESI*) m/z: calcd. for C1sH2sNs,

284.2127 [M+H]"; found, 284.2126.

1-(2,6-Diisopropylphenyl)-1,4,5,6,7,8-hexahydrocyclohepta[d][1,2,3]triazole (163b).

The title compound was obtained as a brown solid in 37% yield (54.8 mg, 0.184 mmol) from 154
(120.3 mg, 0.493 mmol) according to the general procedure (rt, 18 h). Rt = 0.36 (hexane/diethyl
ether = 1:1); M.p. 84-86 °C; IR (ATR, cm™): 2963, 2929, 2869, 2853, 1474, 1221, 1060, 807,
764; 'H NMR (400 MHz, CDCls): § 7.46 (t, 1H, J = 7.6 Hz), 7.26 (d, 2H, J = 7.6 Hz), 3.02-2.95
(M, 2H), 2.43-2.37 (m, 2H), 2.16 (sept, 2H, J = 6.8 Hz), 1.92-1.82 (m, 2H), 1.82-1.74 (m, 2H),
1.65-1.56 (m, 2H), 1.11 (d, 6H, J = 6.8 Hz), 1.09 (d, 6H, J = 6.8 Hz); *C NMR (100 MHz,
CDCls): 6 146.7, 146.6, 137.3, 132.0, 130.7, 123.9, 31.2, 28.3, 27.6, 27.5, 27.2, 24.6, 24.4, 23.5;

HRMS (ESI*) m/z: calcd. for C19H2sN3, 298.2283 [M+H]*; found, 298.2276.

1-(2,6-Diisopropylphenyl)-4,5,6,7,8,9-hexahydro-1H-cycloocta[d][1,2,3]triazole (163c).

The title compound was obtained as a brown solid in 85% yield (103.7 mg, 0.333 mmol) from
155 (101.5 mg, 0.393 mmol) according to the general procedure (rt, 23 h). Ry = 0.20
(hexane/diethyl ether = 3:1); M.p. 92-94 °C; IR (ATR, cm™): 2961, 2932, 2868, 1474, 1458,
1235, 1058, 1000, 809, 764; *H NMR (400 MHz, CDCls): § 7.48 (t, 1H, J = 8.0 Hz), 7.28 (d, 2H,
J=8.0 Hz), 3.03 (t, 2H, J = 6.8 Hz), 2.48 (t, 2H, J = 6.2 Hz), 2.14 (sept, 2H, J = 6.8 Hz), 1.90—
1.81 (m, 2H), 1.72-1.46 (m, 6H), 1.15 (d, 6H, J = 7.2 Hz), 1.12 (d, 6H, J = 6.8 Hz); *C NMR

(100 MHz, CDCls): 6 146.4, 143.8, 135.0, 131.8, 130.5, 123.8, 28.3, 27.6, 26.1, 25.8, 25.10, 25.06,
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24.4,22.8, 22.0; HRMS (ESI*) m/z: calcd. for C2HsoNs, 312.2440 [M+H]"; found, 312.2439.

(+)-(1R,3aS,3bR,5aS,10aS,10bS,12aR)-7-(2,6-Diisopropylphenyl)-10a,12a-dimethyl-1-((R)-
6-methylheptan-2-yl)-1,2,3,3a,3b,4,5,5a,6,7,10,10a,10b,11,12,12a-
hexadecahydrocyclopenta[7,8] phenanthro[2,3-d][1,2,3]triazole (166).

The title compound was obtained as a yellow solid in 13% yield (21.8 mg, 0.0381 mmol) from
165 (152.8 mg, 0.295 mmol) according to the general procedure (rt, 10 h). Ry = 0.30
(hexane/methyl acetate = 7:1); [a]o 2 = +31 (¢ 0.209, CHCIs); M.p. 193-195 °C; IR (ATR, cm~
1): 2961, 2928, 2868, 1593, 1465, 1446, 1383, 1364, 1061, 795, 766, 649, 636, 555; *H NMR (400
MHz, CDCls): & 7.47 (t, 1H, J = 7.8 Hz), 7.31-7.24 (m, 2H), 2.96 (d, 1H, J = 15.6 Hz), 2.41 (d,
1H, J = 15.6 Hz), 2.29-2.16 (m, 2H), 2.14-2.03 (m, 2H), 1.95 (dd, 1H, J = 16.2, 12.2 Hz),
1.89-1.77 (m, 1H), 1.76-0.80 (m, 35H), 0.93 (d, 3H, J = 6.4 Hz), 0.870 (d, 3H, J = 6.4 Hz), 0.867
(d, 3H,J=6.4 Hz), 0.75 (s, 3H), 0.69 (s, 3H); 1*C NMR (100 MHz, CDCls): & 146.8, 146.3, 142.9,
133.1,132.1,130.7, 124.0, 123.9, 56.40, 56.37, 53.8, 42.6, 42.3, 40.0, 39.6, 37.0, 36.3, 35.9, 35.7,
31.7,29.1, 28.5, 28.4, 28.3, 28.1, 25.0, 24.81, 24.76, 24.4, 23.9, 23.5, 23.4, 23.0, 22.7, 21.4, 18.8,

12.1, 11.6; HRMS (ESI*) m/z: calcd. for CsgHs2N3, 572.4944 [M+H]*; found, 572.4947.

(+)-(1R,3aS,3bR,5aS,10aS,10bS,12aR)-9-(2,6-Diisopropylphenyl)-10a,12a-dimethyl-1-((R)-
6-methylheptan-2-yl)-1,2,3,3a,3b,4,5,5a,6,9,10,10a,10b,11,12,12a-
hexadecahydrocyclopenta[7,8] phenanthro[2,3-d][1,2,3]triazole (166°).

The title compound was obtained as a brown amorphous in 26% yield (43.5 mg, 0.0761 mmol)
from 165 (152.8 mg, 0.295 mmol) according to the general procedure. Rt = 0.17 (hexane/methyl
acetate = 7:1); [a]o 2 = +18 (c 0.974, CHCL3); IR (ATR, cm™): 2961, 2929, 2868, 1448, 1386,

1266, 1218, 1068, 1004, 806, 794, 754, 555; *H NMR (400 MHz, CDCls): 6 7.47 (t, 1H, J=7.8
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Hz), 7.30-7.24 (m, 2H), 2.85 (dd, 1H, J = 16.0, 4.6 Hz), 2.44 (dd, 1H, J = 16.0, 12.0 Hz), 2.28 (d,
1H, J = 16.0 Hz), 2.23 (sept, 1H, J = 6.8 Hz), 2.05 (sept, 1H, J = 6.8 Hz), 1.98-1.88 (m, 2H),
1.87-0.73 (m, 45H), 0.75 (s, 3H), 0.64 (s, 3H); *C NMR (100 MHz, CDCls): § 146.7, 146.4,
141.6, 134.2, 131.9, 130.7, 124.02, 123.97, 56.40, 56.35, 53.7, 42.6, 42.5, 39.8, 39.6, 37.3, 36.3,
35.9, 35.8, 344, 31.7, 29.2, 28.5, 28.3, 28.1, 26.7, 24.9, 24.7, 24.4, 23.9, 23.7, 23.6, 22.9, 22.7,

21.3,18.8,12.1,11.7; HRMS (ESI*) m/z: calcd. for CagHs2N3, 572.4944 [M+H]*; found, 572.4947.

2-(tert-Butyl)-3-phenyl-2,3,4,5,6,7-hexahydrobenzo[d]isoxazole (170).
The title compound was obtained as a colorless solid in 13% yield (11.1 mg, 0.043 mmol) from
127 (77.5 mg, 0.337 mmol) and N-tert-butyl-a-phenylnitrone (169) (159.9 mg, 0.902 mmol),

whose spectroscopic data were corresponding with those reported in the literature.?®
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2)y) RISICH A%
biarylazacyclooctynone (BARAC)DjE ERFE & A%
DRFEEEMILEADICAHERIBEZ -1
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3-1. #E

7V w7 I AN —IX, FFED 2 DO & 2T D bEEEOE VKIS TH
D, INETIA TTA T AR T VT NANT L D=T Vo IR EBEL OB TIA
TF—arE{TH Y LTUSHPEATE 2, 2002 412, Sharpless, Fokin & (%
FFREAAAE TS, 7Y RETAX U OBRIFMBLEISIZE Y b Y T — VB Z TR
F % CuAAC: Copper(I)-catalyzed azide-alkyne cycloaddition % )% Tt L 72 (Scheme 3-1-
) ™, ORI, BWAICHEITT 5 Husigen FHMBALEEAZ AR T, R THHETT D
TNz, RO EREERIFET ZHTH, mOVRIMECETT 5, UL, JUET

O 2 S AR RHIG-CHEAR X L CTEER S D, 7 I A A F e P —TOIRHITA

HThHoT,

® @/_Ph |

N=N—-N i HO ONa

CuS0,4-5H,0 1 mol% N | __
178 180 5 mol% SN
- N™ N7 pp S OH
ph-0 * ‘J)==/ : o”
__— H,0/t-BuOH = 2:1 PhO ! OH
179 ,8h 181: 91% E Sodium ascorbate: 180
Scheme 3-1-1

SR 2 N2 W T 2 R & T 03 o O IBRIEEOETE, 1953 412 Blomquist 12 &
DHDTHERS N, D% 1961 4E1Z Wittig HIZE > T, MU 7Y — /L OEENR#RE X
AT, B HIE, HBERTREZRERIR T L X D5 b, e/ hNOBETHH V7 a7 F(56)
2V, U7 Y= VB OTERICERE LT\ %, 2004 4512 Bertozzi B 1%, 7 47
F(OCT: 182) % Bz L, 0T ADOMEZIREN /1 & 327 ¥ K& T 0x D32 N8R
{bIZ ) SPAAC: Strain-promoted azide-alkyne cycloaddition % ##"8 L 7= (Scheme 3-1-2) 7 78,

TR, EoNT =0 MR NE T o727 Y v I B R, EIRSFOERE I
Lo &ET D invivo COIAICHEHATE D L) 1T o72,
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R
® o/ N
N” \N’R

RI

N=N—-N
+ —
— . . R'
@ strain-promoted cycloaddition

Scheme 3-1-2

SPAAC IFRME S TLIK, 7 I WA Fa o —ToOISHIZmT, SRS S
NTETe, ZOFOMEDO—2L LT, RISHEDM ENRZET b b, EIENTOE
[ZOCT R EDY 7 A F Uik ZEMAT 572121, FRRFMTFTTH-oTH+
DFEWISEZ R T MERNSH D, Lo T, 7 ad 7 F AR LTI E I EREMELT
9 I & CRUGHE M) L &5 RS & T E = (Fig. 3-1-1), 2015 4F12, K513y 7
B/ = VBRIZ2 DOEFF T %51 DACN 183 2% L, ZRJF - 0#E A X - T OCT
L0 L HEEEAR 23 i b2 EEHLMMCLET, BNOEERFRHXOTA%E
RELTDH72ZFTRL, 7 FEEORKICHAH I, BHIZANGS T L ORED
RETH D, 2007 FIZ, Bertozzi HIXT 7 mA 7 FUBRICTY I NA R AF L U A BT
KplFE LTEA L DIFO 104 25 L, 7Y KEDKISIZEWT OCT L0 H) 32
EEVEEERATRT L 2 ME LS, CHIEETFRARICE ST, v rutsF
YOOT AT =EEEORISEZ R LSO TORTH DL, £o, BOTHZKRE
T2 L TEEESOMGNEZ B LS4 LT, 2008 42 Boons 51X, sp? jK#
Lt s FATEA LYY Y7 aF 7 F 2 (DIBO: 185) 2 B L=, Bbh
7ZDIBO (3¥ 7 A7 F o L0 b 24 fEmWEHEERZ R LTz, SOIZROTAZ
Z72fl& LT, Van Delft 1%, 7 mAd 27 FAZy 7 n 7 u/NU B AR S 7 BCN
105 %, £72 DIBO @ sp’ [k HFE — D& LRI FIZEHL L 7= DIBAC 186 814 Z L ZHBHZE L

oo ZO%E, RICMEOR LITEECTHY, B 7 a4 s F o Lk L T DIBAC
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3R 130 R VEE EREZ R Lz, SRECHBR SN CEZF TR b EVEE ERE R
T ut s FUBERICET V=L T at s F ) (BARAC: 187)03 8 58,

-
—

® BARAC 1%, DIBAC 2% L & I VR = V5D sp? IRFEANEA SN D Z & T, DIBAC

L0 LRI ERmVEEERZ T I EAME SN TR Y, fREMA T THHom0RIS
PR,

Electronic and strain modulation of cyclooctynes for SPAAC k (x103M's™) for aliphatic azide in CD3CN",
CD4CN:D,0 = 3:1, and CD30D3

O O

L ()

0
CO,H
182: OCT 183: DACN 184: Sondheimer diyne 185: DIBO
2.4 551 8.83 57 2
F —
F 0
N N
o H 'V H )R O R
HO{ =\ 0
e} OH
104: DIFO 105: BCN 186: DIBAC 187: BARAC
76 1403 3103 960
Fig. 3-1-1

—7, BARAC OERIEIE, 2010 FI2HE &7z Bertozzi Hi2 L5, v ULx )/ —)b

FU 77— MK LTI A A A 2B SE L FIEN R TH L0, TRECCI

R, T hohxma ) I —OBLEH) HIEO SR S LTV = (Scheme 3-1-3),
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PhNHNH,

188 EtOH Mel TMS
AcOH TBAI n-BulLi
reflux: . aq. NaOH . Et,0: .O
0 ‘\/\” ‘\/\” 2 N
H2304 benzene TMSCI N
i-PrOH 45°C -78°C Me
reflux
189 86% 191 76% 192

89%

KHMDS m-CPBA

O TBAF THF sat. aq. NaHCO3
THF Tf2 CH,Cl,
/ -78 °C -78°C 0°Ctort

Me
34% (3 steps)

195

Scheme 3-1-3

%72, DIBAC IZ2W\CiX, 2014 452 Adronov HIZ XV, 7T AR — )L TORRPH
HIN TV DH(Scheme 3-1-4) 8, ZDOFIETIEET, DXV AL 196005, 4%
¥ L0 Beckmann S5\ &L L CUNRUY V0t s T UK EAT 5 198 ~ LT
W5, ZHEMEEOHEOBIE, fHGT YT e k20205 7 b U LAEH
W2 2 [ OB 2RI L, 77 A7 —)LC DIBAC203 45T\ 5, Z @ Adronov
B OIFIEIE, ISR 72% T DIBAC # AT 273, [A UA BRI 2 BARAC HH&1ZH
WA T, XGT 5 U7 11K 205 7 b O BEE S DMEIGE T o 72 & G SIS Ffk
ENTW5b, ZOFKE LT, BARAC ® DIBAC LY KEWOTAICHKT D ARRLE
PEREZ B D,
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Eaton s rgt 1-bromohexane

NH,OH-HCI sat. aq. NaOH
COQ pyridine MeSO3H) TEAB
EtOH reflux \ 100 °C toluene
o 60 °C
98% 197 97% n- CeH13
85%
204
LiAIH, ‘ Br,
CH,Cly, 0 °C
l Et,0, 35 °C
88%
O — O 97% Br Br
o 99
199 N
O (e}
n-CeH1g
CI)WOMe
(¢} 205
BN +-BUOK
CH2C|2, 0°C THF, —40 °C
87% Br <10%

§

- LiOH Br, r BUOK
e Q) O
N MeOH N CH20I2 e
H,0 o°c 40 °C N
reflux O 0] n- CeH13
99% 96%

95% 206: BARAC

(o]
HO
201

203: DIBAC (0.85 g scale)

Y\jl

MeO
200

Scheme 3-1-4

F7o, Ml & LTFig 3-1-1 [ZZTF 7o b &ML S, SPAACICHWHN S EL DY
7 a7 VFREFE STV D,

LIL, SPAAC (2B T 22 UGS EE 2779 BARAC BRI, FrIZAERNTOMR

iz, FEICERRY =L Thb L2 d, LinL, kD BARAC OEHUE, v UL
/)= RV T7T7—= b e HNDFECRLNATEY, TEREEE L OUEEOm Tt % 7%
LCWe, £, BEAHVWDOIBLT 7 N TFEIZOWTE, T 57 el
WieE, BARAC ITRICETH L7280, L0 D EILEE T BARAC FE K2 AL
TOHRBEOMLNEEN TN D, EZTRIFETIE, U=/ =L Y 7T — &R
iR EET, =/ = M) 77— b7 e bR BARAC O =EREG 25T
%, FHAREOREEZD S L,
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LIKED 3-2-1 TIL, BARAC OHIEEAL 725, =/ — LV ) 7T — &Gk LTz, 3-2-
2 Clk, =/ = b 7T — b5 BARAC O = EHES ORISR IE 2R A2 i L7z,
RNEZER ZHEEGITT 2RSSO Z B E LT, Hn2EEA/ N NER=ICIZ,
—78 °C T & Fhfi L7z, 3-2-3 TIE, BARAC O =HfEA DKL KHMDS 12X > T
RBAETLEMRAEZSEZ, ¥ 87725002 — )L N 77— NefRBATHD R
v hT?D BARAC Az kit L7z, £72, KHMDS DS EZFES T LT, By b
fb& vY 77— FEOBBEOEEZICONTHELR LTz, 3-2-4 TlX, BARAC DZEFH
R EZxt L, BFEDS T EREERT D7D 1 —DFANER AT, 7 v {bWA
2 E O DUERIE TIX A RS REE R v ) v —TF )L % F 3 5 BARAC <°, it — HfG
BERTHHEERE G L, AEBIEOEATHNANZ L AWML, £, 7
U VEEH T % BARAC OREEMEIZOWT G, 8RO kA 25 Tl LT, 3-2-5 T
X, BARAC DEMMIEHEZO S L, ERFF EOY W —ITx LTS T OHEAL
ATz, TORS, REFEN I E 11OV U I —2 /T HHFERITBNT, B Rk
DFEHEIZEN DR D Z & B BT Uiz, BfpC, skt FHW5 2 Y v 7 JOSIC

KoT, g TFLELTIZ~U v &E AL, BARAC DG E AT,
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3-2. MREER
3-2-1. T/—)LN)IS5—FDERK

BARAC OB E 725, = /7 —/L U 7 F— | 208 % &% L7-(Scheme 3-2-1-1), 72
B, 7 8727 %5207 £TO3 TR, Bertozzi HDEITHIIE R 2BEIZ LTz, T70b
H, £, 7=k FTV188)E 1-A & 7 L (189) & D Fischer £ > F—/L& %I
KU, A F=190 ZERR LTz, £ D%, EFR EOERILL LT, AFLVEZEAL,
fe< m-7 B R REFRIC L DA R— IV OBRILMBAREZR T, 7 8T 7 X L 207 ~
BN, RIS, L L TH Y U AATH AT LTV T Y RKHMDS)Z AW, b
U7 Vb E4T, BIIOT ) —)L b U 7T — 208 % 4 TR, #IE 65% TE7-,

1) EtOH
PhNHNH, )ACOH Mel 8.0 equiv

TBAI 5 mol%
188 reflux . aq NaOH .O
. \ ‘ \ S
o H2804 benzene N m-CPBA 2.9 equiv
t@ i-PrOH 45 °C I\\/Ie ag. NaHCO;
reflux
190 91% 191 CH,Cl,
189 87% 0°Ctort

| 87%

O
PhNTf, 1.2 equiv. KHMDS 1.0 equiv ‘ O
THF THF N
-78°Ctort,1.5h -78°C,1h /
Me (0]
208: 95% (1.2 g-scale) 207

Scheme 3-2-1-1

3-2-2. T/—)LN)IS5—khoDET AN RI% BARAC BIEEEORE

B LIz =V R 7T — 1 2081Cxt L, flix O&RET I REEREZHWT, 7 a
k> i#)7¢ BARAC O =FEfEAOHEELOS Lz, £9, =/—LrJ77—1h 208 O
THF #RICx L, —78 °CT KHMDS % 1.1 Y&, K& SH7(Table 3-2-2-1), &P
fES, B N-2F /L BARAC 195 D% 5 53 THERR LT (entry 1), SUGRER & JE X
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LizE 2 A, 195 DRIF\ L, BEIIC 40 0T/ —/L b Y 77— | 208 HMEIE
HETHEEBIZ, HO 195 %2 U BTV T AT X0 I 83% CTHLEE L 7= (entries 2
and3), F7z, RISKFHZ 150 70 % THEX T &, PCRITIR T L7c(entry 4), 24U, AR

L72 195 & /MBRIEN X 72 KHMDS & OFIENFEKR THDH EE 2 HND,

Table 3-2-2-1
TfO H
O - O KHMDS 1.1 equiv O _ O
THF (0.5 M)
N 78 °C, Time N
Me (0] Me (0]
208 195

Entry Time (min) Recovery of enol triflate 208 (%) N-Me BARAC 195 (%)

1 5 372 50°
2 20 242 752
3 40 —P 83¢
4 150 — 712

2 The yields were determined by 'H NMR spectra of the crude material
with 1,1,2,2-tetrachloroethane as an internal standard.

b Not determined.

© Not observed in the crude "H NMR spectra.

9 Isolated yield.

Fo, MOSBT I FHEEL LT, 37 a~F Y v ORAEICKB ThHoT-~ I %Y
LEAT I RBLY, 77— MUFEZNT, 7 e By BARAC OIS L
gt L7=(Table 3-2-2-2), ZDfEH, Mg(TMP),-2LICl 2k LTHWS &, —60 °C,
30 3 DEMETS57% D= ) —)L b U 7 F— | 208 Z[AlL L7=(entries 1 and 2), Z DA,
T /)= T7T7—1208 &, AL L7 BARAC195 DIUEEZE LAEDED & 96% L B
HCTholz, T T, WROM EEZBIC, FRSCKGRROERE 2R A 7203, 1951
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RINETH Y, 195 D3R HAAT L CHEIT LcT2, MBI 40%% T B> 7= (entries
3and4), F7=, 77— ML LT, i-BA(TMP)LI B3t L7223, ZOHE LN
IR, 81% D™=/ —/L ~ U 7 F— | 208 Z[EL L7z (entry 5), LA EDFERND,

BARAC JERRICE T BT v ks T Z1E KHMDS Th 5 ERE LT,

Table 3-2-2-2
TfO H
‘ - O Base 3.0 equiv O B O
N THF (0.5 M) N
/ Temp., Time /
Me (0] Me (0]
208 195
Entry Base Temp., Time  Triflate® 208 (%) N-Me BARAC 195 (%)
1 Mg(TMP),-2LiCl -78 °C, 30 min 54 242
2 —60 °C, 30 min 57 392
3 —40 °C, 30 min 12 262
4 -60 °C, 360 min 19 —b
5 i-BuzAl(TMP)Li® -78°C, 120 min 81 32

@ The yields were determined by "H NMR spectra of the crude material
with 1,1,2,2-tetrachloroethane as an internal standard.

b Not observed in the crude "H NMR spectra.

€1.1 equiv.

3-2-3. ThrIUBLMEDTURYFTOH BARAC BiEEEDHRE

KHMDS (2L D7 w b iy ZFEREE DR —T78°CTH HllfT 42 Z &
bolzlzd, I 877206/ — /L ) 77— B LT, VoARy T
O BARAC B A DI L1z, bbb, ¥ 7725207 12xL, U7 UAkAl
ELTN-Zz=)LER(NY A A H AR A 2 R)EIEFE S, KHMDS % 2.5
W BN Z 7-(Scheme 3-2-3-1), = DFfER, —78°C, 1 BT, RADKIENY KRy T
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HEFT L, UK 74% T N-A 5L BARAC 195 #157-,

KHMDS 2.5 equiv T H .
PhNTf, 1.0 equiv - —
0 0 D— Q0 e
/N THF N /N
Me (e} -78°C,1h Me/ (0] Me (0]
207 208 195: 74%

Scheme 3-2-3-1

WIZ, 2O N T 725200 06x /) —)L Y 7 F— | 208 Zf&HT 5 KGO %
572, KHMDS O Y& % 0.8 M & FE TR O LG S H72(Scheme 3-2-3-2), £ Dt &,
T/ =/ s U 7T — ] 208 Z NMR I 36% THIHI L 7=DI2%, BARAC 195 & 11%
R LT, LEDOFRERNG, B LETY ARy NROSTIE, =/ =V ) 77— DA

&, U 77— MEOREEN FERREOSOGERE THEIT LTV D Z Ebh o7,

Q KHMDS 0.8 equiv TfO o
PhNTf, 1.0 equiv = =
1D JOeReS®
N THF N N
Mé O -78°C,1h Mé O Mé O
207 208 195

36% ("H NMR yield) 11% ("H NMR vyield)

Scheme 3-2-3-2

3-2-4. BARAC BREBEICEITIZEZRERFLOEREDOEKRE
KIZ, BARAC DERIF XL, FFEDG T EMEEEKRT 27200 o —0E
A% 7772 (Table 3-2-4-1), #ENL U720 VR > b COREEMFTIE, BELER 2 FLED

WBE, 7T LA —LTH MR BOSITHEITL, HAYD N-X F /L BARAC 195 % IR
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95%, 1.5 77 LTIz, £io, BEEEATFNLENOAFINVEAEZ THRINIR
UFIZHETT L, IE 64% T BARAC206 #1372, WIZ, EDH%OERESLEWMNE S 1K
THEEGOBEANCIY AT, BEHILE LT, TV EEEALZE A, U 84%
TR _HEMEEEX AT H BARAC 211 G T& 70, £/, Y INA=—FT1E2HT5H
BARAC DERIT S, AFEITEMATE, OSKRHERED Y &2 b+ 2 LER H
723, X9 % BARAC213 & 215 Z Z L Z VIR 90%, 91% T/, 213 & 21513,
koI )= b T T — MR LT AA A 2 WS FIETIE, )T
— 7 NVORMRE BT L T T2D, ARPRNETHL EBZZX OIS, £, kL
BARAC ® 5 5, 206 & 213 (%, B0 DIBAC DAL R ICBWT, GAKREETH D
LE# S TWEBERTH D,

¥, AL N-AF /L BARAC195 [ZEAETH Y, K, HiETHHEILE T
bolz, —20°CTHRAFT DL, ~HFULORELWETH S, LrL, MROHEEE L
THHH%5 BARAC 13, BE{AD 195 LT 5 L ANLZETH Y, Hill, BRFHE THfER

WMEDZEaMER LI,
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Table 3-2-4-1

Q KHMDS 2.5 equiv T H L
O O PhNTf, 1.0 equiv O - O ‘ — O
—_—
R O

N
-78°C,1h 4

R Product Yield? (%) R Product Yield? (%)

methyl 95 TIPS ether 90P
207 (1.5 g-scale) 212
N
/

Me
1

— 13
n-hexyl .
209 N 64 —

/

(0]
95
: o) TIPS ether ‘ O 91¢
n-Cefhi 214
06

N
2 o)
— ( )9
TIPSO
butenyl 215
210 84

&/O\ 2 |solated yield
solated yield.
AN y

211 b Reaction time: 2.5 h.
© Reaction time: 1.5 h, KHMDS 3.0 eq, PhNTf, 1.5 eq.

z

EHEOBRFHNZIBWT, TUALKREZEA LY N T 7 X 5216 AL, TRy b
e EIT->T-0 ZOES, £+ % N-7 U /L BARAC217 1%, 2013 4ED Pezacki b DS
2L, ST, BARAC OREIFRFICE D ZFEHES~DDFNRESEE 2 {5 L

LT, #e< 7 ¥-Claisen #5712 £ - T 4 BRMEALEW 218 ~ZAfbT 5 Z L 3 ST
% (Scheme 3-2-4-1)%,
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:(\ : Ho A
N.)i»gl®4>®Nﬁ—>N\
. 55 o ;

217 218

Scheme 3-2-4-1

XD, 7 8T 7% 5216 ZREROSEMICfT LIz 25, —78°C, 2EH T, HIYD
N-7" U /L BARAC 217 Z NMR =8 32% CT137=, SOGKHH Z %8 L, —60°C, 1053 TK
JRE&EDE, VU BTSN T DRSS 217 & 68% TiT-, LZLZOHA, 217 Lt
12, BENIR D 4 BRELEY 218 23 10%ERK L7z, HUEEY O NMR TlX 218 1381 &
RN T2Z e b, BT LRERPICORLTEEEZXOND, ok, BT LH%BON-TY
JL BARAC 217 1%, KR&H 4 FEEEE T2 &, B2 4 BRIELEY 218 ~L &b LT-

(Scheme 3-2-4-2),

Q KHMDS 2.5 equiv

PhNTf, 1.0 equiv - N
9’ - 0 -G
N THF N O
o) —60 °C, 10 min 0O
> ) 7

SiO, column chromatography
216 217: 68% 218: 10%

Scheme 3-2-4-2

*7-, 5O N-AF L BARAC195 1%, A X ) —)VIRh, X272 R EEeNn

WIS L, ¥IETH MY T Y — 219 25 25 2 L b RS L 72 (Scheme 3-2-4-3),
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O O benzyl azide 1.0 equiv O O O O
+
MeOH (50 mM)

N N N
rt, 20 min / /
wl © Me O Mé O
195 219: quant. (mixture 51 : 49, not determined.)

Scheme 3-2-4-3

3-2-5. BARAC D4AMMLEADICAZBAMELT:, Yo h—~DHAFADEA

BARAC OEMAMEAZDE L, EHRF T EOY I —IZxt3 280 T OEAZR
Bz, 9, B L7 BARAC213 DY U Lt—F /L% TBAFIC K> T, b o4k
~& 5 W LU 7= (Scheme 3-2-5-1), L22L, 55472 BARAC220 Dt Nu ¥ oL, fx
DT L IALDFIFIZIBNT, B BUSHET LR > 72, THNMR JIEIZBWT, Z0
b e o7 & 625 ppm (BRI L72Z &206, b R BV R

PRI FRKEREDERTH L EEZ DN D,

— — — acylation
—_— =
THF
§ o 0 °C, 30 min § N

OTIPS OH

TH NMR shift (in CDCl3) : 5 6.25 ppm
213 220

Scheme 3-2-5-1

Wiz, L0 EWRFEHEZAHAT D BARAC 215 VT, YU AEROBUR#EEZ{T- 72
(Scheme 3-2-5-2), Z DS, B7- K7/ a—/L 221 Dt Fa %L HEo ™ —7 3 'THNMR

[ZF T 1.80 ppm ([ ZBLH S 7=,
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O O TBAF 3.0 equiv O O
THF

N N
0°C,15h
(0] (0]
( )9 72% ( )g
OTIPS OH
215 221

Scheme 3-2-5-2

221 2L, FxOFRMET, M THL 7L A LS LV EDOMERKED I LT
(Scheme 3-2-5-3), L22L, S5-HARFI 7 ILA LE A (222)E DRIGZEWT, EDC,
DMAP Z W57 L UL TIE, ROSRBEMHME L, BERIIGE LN o7, £, Ot
JERR DT, BRARY 223 IR Ch o7, KGR EE X, 74 L&A
YA YTFATTF— b 224 EOREMINFIEIT o728, TAF LA e L
BARAC 131G 41722 o7z, BUGHEIT Lo 2Bl & LT, BARAC DOT AL =

HIEEICEDRNLEENRRTH D B, RO TOEKZHE L,
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222 1.0 equiv
— DMAP 1.0 equiv

EDC-HCI 1.5 equiv
O O Complex mixture
DMF, rt, 40 min

N
0O Acylation

Mg (condensation conditions) -

OH 222 1.0 equiv O O

221 DIAD 1.2 equiv N trace

PPhs 1.2 equiv o) amount
HO 0] OH 00 0

‘ O DMF, rt, 17 h

. O
(¢} Acylation O
O (Mitsunobu conditions)
o 223 OH
6 ( Yo
HO
224 1.0 equiv

HO o) OH
O Et3N 1.5 equiv
No product
O 0 DMF/CH,Cl,, 40°C, 4 h
S:C:N 0

Nucleophilic addition

Fluorescein-CO,H: 222

Fluorescein-NCS: 224

Scheme 3-2-5-3

WIZ, BlOREE & LT, BARAC O =HEHE DEAFT TOEGHDEA %2R AT
(Scheme 3-2-5-4), £, HIBMATHLH T 77 & L5214 1Z%F L, TBAFIZ LD U VH
DOUifRE, F72T7 a3 —n 2251275, AT ARICkE 7Y FMUIZ L > TT ¥ R 226
EER LT, 0%, g E 7 A 2L B U 166 2 AV 5, 7-=F =L 7 < 1 1/(227)
EDBRTMBILIEEICE > T, 7~V 2 v H—ICATHLELD N T —)L
228 Z IR 89% THFTZ, O 228 1%, MENL LU ARy FRUSDOSMT, RiEEZ <

BARAC ~ L BHATE, 7~ U VUi a4+ 5 BARAC 229 % UK 51% CTHE7-,
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MsCI 1.1 equiv 0
EtsN 1.2 equiv

O O TBAF 3.0 equiv O O CH,Cl,, 0 °C, 20 min; O
_— =
THF NaN3 2.0 equiv

N tt, 30 min N DMF N
0 80°C,1h
s 88% Dl
84% over 2 steps
OTIPS N3
214 225 226
(@)
— X 0._0
99Pe 99Pe
=
N N 1.0 equiv
) 0 KHMDS 4.0 equiv D) © CuS0,-5H,0 0.5 equiv
9 PhNTf, 2.0 equiv 9 Na ascorbate 1.0 equiv
N-N THE N—=N THF/H,0
N _78°C. 4h N 65°C, 20 h
0,
51% 89%
(0] (0]
S o DS
229 228

Scheme 3-2-5-4
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3-3. %

ARETIE, 2NN Yy 7 I AN —IZERRI I/t F AR THLE
TV—NTHraAtsF ) (BARAC)DBEMEARIEZBIR Lz, % 2 HTHEL
e )= b 7T — b0l T v e ZEEGORREFRIAL, ko7 w1k
MA A WD AR &, U VDB A Z B L L7 WG AR & ST L T2,
KETIHE, =/ =V VT 9— b BT 528, 7 NI 7 X2 LARIBEAE LTY
ViR hTO BARAC BN ATRECTH D720, 6 TREZE LI-fEEL X, 4 TFT
BARAC M3 bbb, F£7z, BAR LY Ay FTO BARAC BHAEZILIL, 7T LR
T ERICbEATE L, Ak, HEEMBAEMIEICL > TREICHER R E o7
BARAC 7%, 7 I ANAAF P —TORMRY—VE L TRETLZLE2MEL T
%o RZ, BARAC OEWWEIGHEETEN LT, invivo TOERIREMICBIT 57T ¥ R

GAHER FITKRET DRRA T b2 E~oIS RSN D,
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3-4. REH

General

Analytical thin layer chromatography (TLC) was performed on Merck 60 F2s4 aluminum sheets
precoated with a 0.25 mm thickness of silica gel. Optical rotations were measured on a HORIBA
SEPA-300 polarimeter. Melting points (m.p.) were measured on a Yanaco MP-J3 and are
uncorrected. Infrared (IR) spectra were recorded on a Bruker Alpha with an ATR attachment (Ge)
and are reported in wave numbers (cm™!). 'H NMR (400 MHz), 1*C NMR (100 MHz), and °F
NMR (376 MHz) spectra were measured on a JEOL ECZ400 spectrometer. Chemical shifts for
'HNMR are reported in parts per million (ppm) downfield from tetramethylsilane with the solvent
resonance as the internal standard (CHCIs: 8 7.26 ppm) and coupling constants are in Hertz (Hz).
The following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, and br = broad. Chemical shifts for *C NMR are reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard (CDCls: 6 77.16 ppm).
Chemical shifts for ’F NMR are reported in ppm from CFCl; where CFs (8 —164.9 ppm) was
used as the internal standard. High-resolution mass spectra (HRMS) were performed on a JEOL
JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL MS-5414DART attachment or a JEOL JMS-
T200GCV AccuTOF GCx (DEI: desorption EI). Elemental analyses were performed on an Exeter

Analytical, Inc. elemental analyzer CE-440.

Materials

Unless otherwise stated, all reactions were conducted in flame-dried glassware under an inert
atmosphere of argon. All work-up and purification procedures were carried out with reagent
solvents in air. Unless otherwise noted, materials were obtained from commercial suppliers and

used without further purification. Flash column chromatography was performed on Wakogel® C-
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300 (45-75 pum, Wako Pure Chemical Industries, Ltd.). Recycling preparative SEC-HPLC was
performed with LC-9201 (Japan Analytical Industry Co., Ltd.) equipped with preparative SEC
column (JAI-GEL-2H). Anhydrous THF was purchased from Wako Pure Chemical Industries,

Ltd.

Synthesis of N-Me BARAC 195 from Enol Triflate 208.

Ketolactam 207 was prepared by slightly modifying Bertozzi’s procedure.?%

5,10-Dihydroindeno[1,2-b]indole (190).

A 300-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar, a reflux
condenser, and an inlet adapter with a three-way stopcock was charged with 1-indanone (189:
3.96 g, 30.0 mmol) in ethanol (21 mL). To the solution was added phenylhydrazine (188: 2.98
mL, 30.3 mmol) followed by acetic acid (10 drops) at room temperature. After stirring at 85 °C
(oil bath, reflux) for 15 min, the flask was removed from the oil bath and allowed to cool to room
temperature. The precipitated yellow needle crystals were collected by filtration. The crystals
were added to a 300-mL round-bottomed flask and dissolved in 2-propanol (102 mL). To the
mixture was added conc. sulfuric acid (3.4 mL), and the resulting solution was stirred at 100 °C
(oil bath, reflux) for 23 h. Upon cooling to room temperature, the suspension was basified to pH
12 with 1 M aqueous sodium hydroxide to form a brown precipitate. The solid was collected by
filtration under reduced pressure and washed with ethanol. The title compound was obtained as a
grayish brown solid in 87% yield (5.36 g, 26.1 mmol), whose spectroscopic data were consistent

with those reported in the literature.®2
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5-Methyl-5,10-dihydroindeno[1,2-b]indole (191).

A 50-mL one-necked tube equipped with a Teflon-coated magnetic stirring bar was charged with
indole 190 (1.00 g, 4.87 mmol) in benzene (6.5 mL). To the solution was added 50 wt% aqueous
sodium hydroxide (2.6 mL), tetrabutylammonium iodide (94.2 mg, 0.255 mmol), and
iodomethane (2.43 mL, 39.0 mmol). After stirring at 45 °C for 14 h, the mixture was diluted with
ethyl acetate and water, and the agueous layer was extracted twice with ethyl acetate. The
combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, and
filtered. The filtrate was concentrated under reduced pressure to give a crude material, which was
purified by silica gel column chromatography (hexane/CH-CI, = 1:1) to afford the title compound
(0.977 g, 4.46 mmol, 91%) as a pale brown solid, whose spectroscopic data were consistent with

those reported in the literature.®

5-Methyldibenzo[b,f]lazocine-6,12(5H,11H)-dione (207).

A 300-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged
with 191 (0.999 g, 4.56 mmol), dichloromethane (114 mL), and saturated aqueous sodium
bicarbonate (25 mL). After the solution was cooled to 0 °C, m-CPBA (3.51 g, 13.2 mmol) was
added potionwise. The reaction mixture was stirred at 0 °C for 30 min, and the flask was allowed
to warm to room temperature for 1 h. The reaction was quenched with 1 M aqueous sodium
hydroxide, and the aqueous layer was extracted twice with dichloromethane. The combined
organic extracts were washed with brine, dried over anhydrous magnesium sulfate, and filtered.
The filtrate was concentrated under reduced pressure to give a crude material, which was purified
by silica gel column chromatography (hexane/diethyl ether = 1:1 to 1:3, gradient) to afford the
title compound (0.996 g, 3.96 mmol, 87%) as a brown solid, whose spectroscopic data were

consistent with those reported in the literature. 82
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5-Methyl-6-0x0-5,6-dihydrodibenzo[b,f]lazocin-12-yl trifluoromethanesulfonate (208).

A flame-dried 50-mL two-necked tube equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and a three-way stopcock was charged with KHMDS (1 M in THF, 3.4 mL, 3.4
mmol) and anhydrous THF (4.0 mL). After the resulting solution was cooled to —78 °C,
ketolactam 193 (854.7 mg, 3.40 mmol) in THF (13 mL) was added to the solution. After stirring
at —78 °C for 1 h, N-phenyl-bis(trifluoromethanesulfonimide) (1.48 mg, 4.1 mmol) in THF (8.5
mL) was added dropwise to the reaction mixture at —78 °C, and the resulting solution was stirred
at room temperature for 1.5 h. The reaction mixture was treated with 1 M aqueous sodium
hydroxide (15 mL), and the aqueous layer was extracted twice with diethyl ether (8 mL x 2). The
combined organic extracts were washed with brine, dried over sodium sulfate, and filtered. The
filtrate was concentrated under reduced pressure to give a crude material, which was purified by
silica gel column chromatography (hexane/diethyl ether = 1:3) to afford the title compound (1.24
0, 3.23 mmol, 95%) as a pale yellow solid. R: = 0.21 (hexane/diethyl ether = 1:3); M.p. 137-139
°C; IR (ATR, cm™): 2971, 2924, 1738, 1631, 1416, 1216, 1138, 976, 901, 818; 'H NMR (400
MHz, CDCls): & 7.46-7.38 (m, 3H), 7.32-7.25 (m, 4H), 7.10-7.05 (m, 2H), 3.42 (s, 3H); *C{*H}
NMR (100 MHz, CDCls): 8 169.9, 145.3, 143.4, 137.1, 131.8, 129.7, 129.5, 129.2, 129.0, 128.6,
128.4,128.1, 127.7, 126.5, 124.5, 118.6 (q, YJc r = 320 Hz), 38.1; °F NMR (376 MHz, CDCly):

8 -76.2; HRMS (DART™) m/z: calcd. for C17H13FsNO4S, 384.0517 [M+H]*; found, 384.0526.

N-Methyl BARAC 195.

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 208 (192.1 mg, 0.501 mmol) in THF (1.0 mL). After
the resulting solution was cooled to —78 °C, KHMDS (0.50 M in toluene, 1.10 mL, 0.55 mmol)

was added dropwise. The reaction mixture was stirred at —78 °C for 40 min, and the reaction was
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quenched with water (3 mL). The resulting mixture was allowed to warm to room temperature.
The mixture was diluted diethyl ether (2 mL), and the aqueous layer was extracted twice with
diethyl ether (2 mL x 2). The combined organic extracts were washed with brine, dried over
sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude
material, which was purified by silica gel column chromatography (hexane/diethyl ether = 1:3) to
afford the title compound (97.0 mg, 0.416 mmol, 83%) as a brown solid. Rs=0.38 (hexane/diethyl
ether = 1:3); M.p. decomp. (120 °C); IR (ATR, cm2): 2924, 1657, 1468, 1447, 1333, 1214, 1180,
1079, 1039, 761, 715, 630; *H NMR (400 MHz, CDCl3): § 7.65-7.58 (m, 2H), 7.50-7.35 (m, 6H),
2.73 (s, 3H); ®*C{*H} NMR (100 MHz, CDCls): § 176.9, 156.6, 149.4, 130.0, 129.5, 129.4, 128.9,
128.2, 127.6, 126.5, 125.6, 122.31, 122.27, 109.5, 108.7, 38.8; HRMS (DART™) m/z: calcd. for

C1sH12NO, 234.0919 [M+H]*; found, 234.0928.

One-Pot Synthesis of BARAC Derivatives.

General Procedure: One-Pot Formation of BARAC from the Corresponding Ketolactam.
A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with ketolactam (1.0 equiv) and N-phenyl-
bis(trifluoromethanesulfonimide) (1.0 equiv) in THF (0.17 M). After the resulting solution was
cooled to —78 °C, KHMDS (0.50 M in toluene, 2.5 equiv) was added dropwise. The reaction
mixture was stirred at —78 °C for indicated time, and the reaction mixture was then treated with
water. The mixture was allowed to warm to room temperature. The mixture was diluted diethy!l
ether, and the aqueous layer was extracted twice with diethyl ether. The combined organic extracts
were washed with brine, dried over sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to give a crude material, which was purified by silica gel column

chromatography.
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Gram-Scale Synthesis of N-Methyl BARAC 195.

A flame-dried two-necked 500-mL flat-bottomed flask equipped with a Teflon-coated magnetic
stirring bar, a rubber septum, and an inlet adapter with a three-way stopcock was charged with
ketolactam 207 (1.65 g, 6.56 mmol) and N-phenyl-bis(trifluoromethanesulfonimide) (2.35 g, 6.56
mmol) in THF (39 mL). After the resulting solution was cooled to —78 °C, KHMDS (0.50 M in
toluene, 32.8 mL, 16.4 mmol) was added dropwise over 6 min. The reaction mixture was stirred
at —78 °C for 1 h, and then the reaction mixture was treated with water (80 mL) and diluted with
diethyl ether (30 mL). The reaction mixture was allowed to warm to room temperature. The
aqueous layer was extracted twice with diethyl ether (15 mL x 2). The combined organic extracts
were washed with brine, dried over sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane/diethyl ether = 1:3) to afford the N-methyl BARAC 195 (1.45 g, 6.22

mmol, 95%) as a brown solid.

N-n-Hexyl BARAC 206.

The title compound was obtained as a brown oil in 64% yield (59.9 mg, 0.197 mmol) from 209
(99.5 mg, 0.310 mmol) according to the above procedure (Reaction time: 1 h). Rf = 0.35
(hexane/diethyl ether = 1:1); IR (ATR, cm™): 2956, 2928, 2858, 1667, 1466, 1449, 1354, 1213,
1097, 714; 'H NMR (400 MHz, CDCls): § 7.62—7.54 (m, 2H), 7.48-7.42 (m, 4H), 7.41-7.34 (m,
2H), 3.05 (dt, 1H, J = 13.2, 7.8 Hz), 2.66 (ddd, 1H, J = 13.2, 8.0, 4.0 Hz), 1.56-1.50 (m, 1H),
1.45-1.17 (m, 7H), 0.85 (t, 3H, J = 6.8 Hz); *C{*H} NMR (100 MHz, CDCls): 5 176.8, 155.1,
149.7, 130.4, 129.4, 129.3, 128.8, 128.1, 127.8, 126.5, 125.9, 122.7, 122.4, 110.1, 109.3, 51.7,
31.5,29.1, 26.3,22.6, 14.1; HRMS (DART™) m/z: calcd. for C,1H22NO, 304.1701 [M+H]"*; found,

304.1689.
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N-Butenyl BARAC 211.

The title compound was obtained as a brown oil in 84% vyield (66.5 mg, 0.243 mmol) from 210
(84.8 mg, 0.291 mmol) according to the above procedure (Reaction time: 1 h). Ry = 0.28
(hexane/diethyl ether = 1:1); IR (ATR, cm™): 3069, 2922, 1665, 1449, 1359, 1216, 915, 758, 732;
IH NMR (400 MHz, CDCls): 6 7.63-7.58 (m, 2H), 7.49-7.43 (m, 4H), 7.42-7.34 (m, 2H), 5.71
(ddt, 1H, J = 17.6, 10.8, 6.8 Hz), 5.09-5.01 (m, 2H), 3.15 (dt, 1H, J = 13.2, 8.0 Hz), 2.76 (ddd,
1H, J = 14.0, 8.0, 5.0 Hz), 2.36-2.24 (m, 1H), 2.23-2.12 (m, 1H); 3C{*H} NMR (100 MHz,
CDCls): 6 176.7, 154.9, 149.6, 134.9, 130.6, 129.5, 129.4, 128.9, 128.2, 127.9, 126.5, 126.1,
122.8, 122.3, 117.4, 110.1, 109.2, 51.2, 33.5; HRMS (DART*) m/z: calcd. for CigH1sNO,

274.1232 [M+H]*; found, 274.1232.

N-((3-Triisopropylsiloxy)propyl) BARAC 213.

The title compound was obtained as a brown oil in 90% vyield (83.9 mg, 0.193 mmol) from 212
(97.4 mg, 0.215 mmol) according to the above procedure (Reaction time: 2.5 h). Ry = 0.21
(hexane/diethyl ether = 2:1); IR (ATR, cm™?): 2943, 2866, 1672, 1465, 1377, 1207, 1109, 882,
759, 682; 'H NMR (400 MHz, CDCls): & 7.62-7.54 (m, 2H), 7.47-7.32 (m, 6H), 3.76 (ddd, 1H,
J=10.8, 6.4, 4.8 Hz), 3.62 (ddd, 1H, J = 10.8, 6.4, 4.4 Hz), 3.37 (dt, 1H, J = 13.2, 7.8 Hz), 2.73
(ddd, 1H, J = 13.2, 8.4, 4.8 Hz), 1.83-1.70 (m, 1H), 1.68-1.56 (m, 1H), 1.10-0.88 (m, 21H);
13C{*H} NMR (100 MHz, CDCl3): §177.1,154.9, 149.7,130.6, 129.4, 129.3, 128.8, 128.2, 127.9,
126.4,126.0,122.7,122.3,110.2,109.1, 60.2, 48.4, 32.3, 18.1, 11.9; HRMS (DART™") m/z: calcd.

for Co7H3sNO,Si, 434.2515 [M+H]*; found, 434.2517.
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N-((3-Hydroxy)propyl) BARAC (220).

A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged
with 213 (245 mg, 0.565 mmol) and THF (5.7 mL). After the resulting solution was cooled to 0
°C, 1.0 M THF solution of TBAF (0.85 mL, 0.85 mmol) was added, and the resulting mixture
was stirred at 0 °C for 30 min. The reaction mixture was treated with water, and the aqueous layer
was extracted twice with diethyl ether. The combined organic extracts were washed with water
and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated under reduced
pressure to give a crude material, which was purified by silica gel column chromatography
(hexane/diethyl ether = 2:1) to afford the title compound (125 mg, 0.451 mmol, 80%) as a yellow
solid. Rs = 0.35 (hexane/diethyl ether = 2:1); M.p. 87-88 °C; IR (ATR, cm™): 3387, 2943, 2866,
1704, 1579, 1526, 1462, 1336, 1279, 1246, 1119, 1041, 750, 697; *H NMR (400 MHz, CDCls):
§7,98 (dd, 1H, J = 7.8, 1.4 Hz), 7,64 (d, 1H, J = 8.0 Hz), 7,51 (td, 1H, J = 7.6, 1.4 Hz), 7,40 (td,
1H, J = 8.0, 1.4 Hz), 7,35 (dd, 1H, J = 7.8, 1.6 Hz), 7,25 (td, 1H, J = 8.0, 1.6 Hz), 6.70-6.62 (m,
2H), 6,25 (brs, 1H), 4.66-4.60 (m, 2H), 3.43 (t, 2H, J = 5.6 Hz), 2.27-2.19 (m, 2H); *C NMR
(100 MHz, CDCls): 6 167.4, 151.5, 133.3, 131.9, 131.8, 130.8, 130.2, 128.0, 122.4, 116.4, 109.7,
108.1,95.4,92.2,68.2,44.5, 27.4; HRMS (DART") m/z: calcd. for C1sH16NO», 278.1181 [M+H]*;

found, 278.1192.

N-((11-Triisopropylsiloxy)undecyl) BARAC 215.

The title compound was obtained as a brown oil in 91% yield (257 mg, 0.471 mmol) from 214
(291 mg, 0.516 mmol) according to the above procedure (Reaction time: 1.5 h, KHMDS 3.0
equiv, PANTf, 1.5 equiv). R = 0.26 (hexane/diethyl ether = 2:1); IR (ATR, cm™?): 2923, 2854,
1667, 1465, 1450, 1362, 1053, 1029; *H NMR (400 MHz, CDCls): § 7.61-7.54 (m, 2H), 7.48—

7.41 (m, 4H), 7.41-7.34 (m, 2H), 3.66 (t, 2H, J = 6.8 Hz), 3.04 (dt, 1H, J = 13.6, 8.0 Hz), 2.70—
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2.51 (m, 1H), 1.63-1.47 (m, 4H), 1.47-1.14 (m, 14H), 1.14-0.98 (m, 21H); 3C{*H} NMR (100
MHz, CDCls): 8 176.9, 155.2, 149.8, 130.5, 129.42, 129.39, 128.8, 128.1, 127.9, 126.5, 126.0,
122.7,122.4,110.1, 109.3, 63.6, 51.7, 33.2, 29.7, 29.62, 29.59, 29.3, 29.2, 26.7, 25.9, 18.2, 12.1
(one aliphatic carbon signal is missing due to overlapping); HRMS (DART*) m/z: calcd. for

CssHs2NO2Si, 546.3767 [M+H]*; found, 546.3768.

N-((11-Hydroxy)undecyl) BARAC (221).

A 10-mL screw-capped test tube equipped with a Teflon-coated magnetic stirring bar was charged
with 215 (56.3 mg, 0.103 mmol) and THF (0.31 mL). After the resulting solution was cooled to
0 °C, 1.0 M THF solution of TBAF (0.31 mL, 0.31 mmol) was added, and the resulting mixture
was stirred at 0 °C for 160 min. The reaction mixture was treated with water, and the aqueous
layer was extracted twice with diethyl ether. The combined organic extracts were washed with
water and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated under
reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane/diethyl ether = 1:5) to afford the title compound (24.5 mg, 62.9 umol,
61%) as a brown oil. Rf = 0.24 (hexane/diethyl ether = 1:5); IR (ATR, cm™): 3422, 2926, 2854,
1667, 1465, 1450, 1362, 1053, 761; *H NMR (400 MHz, CDCls): & 7.61-7.54 (m, 2H), 7.48-7.41
(m, 4H), 7.40-7.33 (m, 2H), 3.61 (t, 2H, J = 6.4 Hz), 3.04 (dt, 1H, J = 13.6, 8.0 Hz), 2.70-2.61
(m, 1H), 1.80 (s, 1H), 1.60-1.45 (m, 4H), 1.39-1.13 (m, 14H); 3C NMR (100 MHz, CDCls): §
176.9, 155.17, 149.7, 130.5, 129.4, 129.4, 128.8, 128.1, 127.8, 126.5, 125.9, 122.7, 122.4, 110.1,
109.3, 63.1, 51.7, 32.9, 29.62, 29.55, 29.49, 29.3, 29.1, 26.6, 25.8; HRMS (DART*) m/z: calcd.

for C26H32NO2, 390.2433 [M+H]*; found, 390.2415.
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N-Allyl BARAC 217.

The title compound was obtained as a brown solid in 68% vyield as a mixture with tetracyclic
compound 218 in 10% yield (44.1 mg, the ratio was determined by *H NMR.) from ketolactam
216 (60.3 mg, 0.217 mmol) according to the above procedure (Reaction conditions: —60 °C, 10

min). The spectroscopic data were consistent with those reported in the literature.®®

Synthesis of a Coumarin-Tethered BARAC.
5-((11-Hydroxy)undecyl)dibenzo[b,flazocine-6,12(5H,11H)-dione (225).

A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged
with TIPS ether 214 (1.07 g, 1.90 mmol) and THF (4.7 mL). To the resulting solution was added
1.0 M THF solution of TBAF (5.7 mL, 5.7 mmol), and the mixture was stirred at room
temperature for 30 min. The reaction mixture was treated with water, and the aqueous layer was
extracted twice with diethyl ether. The combined organic extracts were washed with brine, dried
over sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a
crude material, which was purified by silica gel column chromatography (diethyl ether) to afford
the title compound (0.682 g, 1.67 mmol, 88%) as a yellow oil, which solidified on standing in a
refrigerator. Ry = 0.32 (diethyl ether); IR (ATR, cm™): 3438, 2927, 2854, 1688, 1650, 1595, 1482,
1454, 1392, 771, 747, 720; *H NMR (400 MHz, CDCls): § 7.47-7.36 (m, 3H), 7.29-7.24 (m, 1H),
7.23-7.16 (m, 2H), 7.12 (d, 1H, J = 8.0 Hz), 7.07-7.01 (m, 1H), 4.57 (ddd, 1H, J = 13.2, 9.6, 6.4
Hz), 4.32 (d, 1H, J = 17.0 Hz), 3.83 (d, 1H, J = 17.0 Hz), 3.63 (t, 2H, J = 6.6 Hz), 3.23 (ddd, 1H,
J =132, 9.6, 4.8 Hz), 1.58-1.16 (m, 19H); C{*H} NMR (100 MHz, CDCls): & 200.8, 169.8,
140.6, 137.0, 136.0, 133.2, 132.4, 130.2, 129.4, 129.2, 128.8, 128.2, 127.9, 127.4, 63.2, 50.2,
49.8, 32.9, 29.6, 29.49, 29.46, 29.3, 27.9, 27.2, 25.8 (one aliphatic carbon signal is missing due

to overlapping); HRMS (DART™) m/z: calcd. for C2sH3sNOs3, 408.2539 [M+H]"; found, 408.2558.
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5-((11-Azido)undecyl)dibenzol[b,flazocine-6,12(5H,11H)-dione (226).

A 10-mL screw-capped test tube equipped with a Teflon-coated magnetic stirring bar was charged
with alcohol 225 (300.2 mg, 0.737 mmol) and dichloromethane (1.8 mL). The resulting solution
was cooled to 0 °C, methanesulfonyl chloride (63 pL, 0.81 mmol) and triethylamine (154 pL,
1.11 mmol) was added successively. After the resulting mixture was stirred at 0 °C for 20 min,
the mixture was treated with water, and the aqueous layer was extracted twice with
dichloromethane. The combined organic extracts were washed with brine, dried over sodium
sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude
mesylate, which was used directly in the next step without further purification.

A 10-mL screw-capped test tube equipped with a Teflon-coated magnetic stirring bar was charged
with the crude mesylate (368 mg) and DMF (2.8 mL). To the resulting solution was added sodium
azide (96.9 mg, 1.48 mmol), and the reaction mixture was stirred at 80 °C for 1 h, at which time
the reaction mixture was treated with water and diluted with diethyl ether. The aqueous layer was
extracted with diethyl ether three times. The combined organic extracts were washed with water
and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated under reduced
pressure to give a crude material, which was purified by silica gel column chromatography
(hexane/diethyl ether = 2:1) to afford the title compound (0.268 g, 0.620 mmol, 84%) as a yellow
oil, which solidified on standing in a refrigerator. Rs= 0.20 (hexane/diethyl ether = 2:1); IR (ATR,
cm): 2927, 2855, 2095, 1689, 1653, 1595, 1453, 1279, 770, 746, 719; *H NMR (400 MHz,
CDCls): 6 7.46-7.36 (M, 3H), 7.30-7.24 (m, 1H), 7.23-7.16 (m, 2H), 7.12 (d, 1H, J = 8.0 Hz),
7.07-7.01 (m, 1H), 4.57 (ddd, 1H, J = 16.0, 10.0, 6.0 Hz), 4.32 (d, 1H, J = 16.8 Hz), 3.83 (d, 1H,
J=16.8 Hz), 3.29-3.19 (m, 3H), 1.64-1.16 (m, 18H); *C{"H} NMR (100 MHz, CDCls): § 200.7,
169.8, 140.7, 137.0, 136.1, 133.2, 132.4, 130.2, 129.4, 129.2, 128.8, 128.2, 127.9, 127.4, 51.6,

50.2, 49.9, 29.5, 29.3, 29.2, 28.9, 27.9, 27.2, 26.8 (two aliphatic carbon signals are missing due
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to overlapping); HRMS (DART*) m/z: calcd. for CisHssN4O,, 433.2604 [M+H]*; found,

433.2599.

5-(11-(4-(2-Oxo0-2H-chromen-7-yl)-1H-1,2,3-triazol-1-yl)undecyl)dibenzo[b,f]lazocine-
6,12(5H,11H)-dione (228).%4

A 10-mL screw-capped test tube equipped with a Teflon-coated magnetic stirring bar was charged
with azide 226 (232 mg, 0.536 mmol), 7-ethynylcoumarin (227) (93.2 mg, 0.55 mmol), and THF
(4.1 mL). To the resulting solution was added the aqueous solution of CuSQO4-5H,0 (67.2 mg,
0.27 mmol in 0.55 mL distilled H.O) and the aqueous of sodium ascorbate (106 mg, 0.54 mmol
in 0.55 mL distilled H,0). The reaction mixture was stirred at 65 °C for 19.5 h, at which time the
reaction mixture was treated with saturated aqueous ammonium chloride and diluted with diethyl
ether. The aqueous layer was extracted twice with diethyl ether/THF = 1:1 and once with
dichloromethane. The combined organic extracts were washed with water and brine, dried over
sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude
material, which was purified by silica gel column chromatography (hexane/methyl acetate = 1:1)
to afford the title compound (287 mg, 0.476 mmol, 89%) as a pale green solid. Rt = 0.18 (diethyl
ether); M.p. 117-120 °C; IR (ATR, cm™): 2927, 2855, 1733, 1688, 1649, 1621, 1453, 1103, 938,
845, 771; *H NMR (400 MHz, CDCls): § 7.88-7.84 (m, 2H), 7.74-7.69 (m, 2H), 7.54 (d, 1H, J =
8.4 Hz), 7.45-7.37 (m, 3H), 7.32-7.24 (m, 1H), 7.23-7.17 (m, 2H), 7.12 (d, 1H, J = 7.6 Hz),
7.07-7.02 (m, 1H), 6.42 (d, 1H, J=9.6 Hz), 4.57 (ddd, 1H, J = 13.6, 10.0, 6.8 Hz), 4.43 (t, 2H, J
= 7.6 Hz), 4.32 (d, 1H, J = 16.8 Hz), 3.83 (d, 1H, J = 16.8 Hz), 3.28-3.18 (m, 1H), 2.02-1.92 (m,
2H), 1.40-1.15 (m, 16H); BC{*H} NMR (100 MHz, CDCls): § 200.8, 169.8, 160.9, 154.6, 146.2,
143.2, 140.6, 137.0, 136.0, 134.6, 133.2, 132.3, 130.2, 129.3, 129.2, 128.8, 128.5, 128.2, 127.9,

127.4, 121.9, 120.7, 118.5, 116.5, 113.5, 50.8, 50.1, 49.8, 30.4, 29.41, 29.38, 29.32, 29.2, 29.0,
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27.9, 27.1, 26.6; HRMS (DART") m/z: calcd. for Ca/HzoN4Os, 603.2971 [M+H]*; found,

603.2975.

5-(11-(4-(2-Oxo0-2H-chromen-7-yl)-1H-1,2,3-triazol-1-yl)undecyl) BARAC 229.

The title compound was obtained as a pale yellow solid in 51% yield (26.0 mg, 44.5 pmol) from
228 (52.5 mg, 87.1 umol) according to the above procedure (Reaction time: 4 h, KHMDS 4.0
equiv, PhNTf, 2.0 equiv). R = 0.21 (diethyl ether); M.p. decomp. (155 °C); IR (ATR, cm™):
2925, 2854, 1733, 1661, 1621, 1465, 1449, 1225, 1101, 938, 846, 758, 626; 'H NMR (400 MHz,
CDCly): & 7.87-7.83 (m, 2H), 7.74-7.69 (m, 2H), 7.61-7.51 (m, 3H), 7.48-7.33 (m, 6H), 6.43 (d,
1H, J = 10.0 Hz), 4.42 (t, 2H, J = 7.2 Hz), 3.08-2.99 (m, 1H), 2.70-2.61 (m, 1H), 2.01-1.91 (m,
2H), 1.41-1.13 (m, 16H); 2*C{*H} NMR (100 MHz, CDCl5): § 176.9, 160.9, 155.1, 154.6, 149.7,
146.2,143.2,134.5, 130.4, 129.42, 129.36, 128.8, 128.5, 128.1, 127.9, 126.5, 125.9, 122.7, 122.4,
121.9,120.7, 118.5, 116.5, 113.5, 110.1, 109.3, 51.6, 50.7, 30.4, 29.52, 29.48, 29.41, 29.2, 29.10,
29.07, 26.62, 26.57; HRMS (DART") m/z: calcd. for Cs7H3/N4O3, 585.2866 [M+H]*; found,

585.2864.

Preparation of Ketolactams.

5-n-Hexyl-5,10-dihydroindeno[1,2-b]indole.

A flame-dried 50-mL two-necked tube equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and a three-way stopcock was charged with indole 190 (604 mg, 2.94 mmol) and
THF (9 mL). To the resulting suspension was added potassium tert-butoxide (366 mg, 3.23
mmol), and the reaction was stirred at room temperature for 1 h, at which time 1-bromohexane
(0.50 mL, 3.5 mmol) was added to the mixture. After stirring at reflux for 14 h, the reaction

mixture was treated with water. The aqueous layer was extracted with diethyl ether three times.
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The combined organic extracts were washed with brine, dried over anhydrous sodium sulfate, and
filtered. The filtrate was concentrated under reduced pressure to give a crude material, which was
purified by silica gel column chromatography (hexane/dichloromethane = 5:1) to afford the title
compound (421.3 mg, 1.46 mmol, 50%) as a brown solid, whose spectroscopic data were

corresponding with those reported in the literature.®’

5-Butenyl-5,10-dihydroindeno[1,2-b]indole.

A flame-dried 20-mL two-necked tube equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and a three-way stopcock was charged with sodium hydride (93.9 mg, 2.35 mmol)
and DMF (2.0 mL). To the resulting solution was added a solution of indole 190 (439 mg, 2.14
mmol) in DMF (5.0 mL), and the resulting mixture was stirred at room temperature for 30 min,
at which time 4-bromo-1-butene (216 uL, 2.14 mmol) was added to the suspension. After stirring
at room temperature for 49 h, the reaction mixture was treated with water, and the aqueous layer
was extracted with diethyl ether three times. The combined organic extracts were washed with
brine three times, dried over sodium sulfate, and filtered. The filtrate was concentrated under
reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane/dichloromethane = 5:1) to afford the title compound (65.2 mg, 0.251
mmol, 12%) as a pale yellow solid. Rs = 0.40 (hexane/dichloromethane = 5:1); M.p. 41-42 °C;
IR (ATR, cm™?): 3056, 1609, 1526, 1497, 1461, 1439, 1347, 1017, 916, 735; *H NMR (400 MHz,
CDCls): § 7.77-7.62 (m, 1H), 7.60—7.54 (m, 2H), 7.40 (d, 1H, J = 8.0 Hz), 7.35 (dd, 1H, J = 7.2,
7.2 Hz), 7.25-7.18 (m, 2H), 7.18-7.12 (m, 1H), 5.88 (ddt, 1H, J = 17.2, 10.0, 6.8 Hz), 5.19-5.11
(m, 1H), 5.09-5.04 (m, 1H), 4.50 (t, 2H, J = 7.6 Hz), 3.73 (s, 2H), 2.67 (dt, 2H, J = 7.2, 6.8 Hz);

BC{*H} NMR (100 MHz, CDCls): 5 148.4,144.2,141.4,135.5,134.7,126.7,125.7, 124.7,124.5,
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121.4,120.8, 119.8, 119.3, 117.8, 117.4, 110.1, 44.4, 35.1, 30.2; HRMS (DART") m/z: calcd. for

Ci9H1sN, 260.1439 [M+H]*; found, 260.1444.

5-((3-Triisopropylsiloxy)propyl)-5,10-dihydroindeno[1,2-b]indole.

A flame-dried 20-mL two-necked tube equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and a three-way stopcock was charged with sodium hydride (91.8 mg, 2.30 mmol)
and DMF (2.0 mL). To the resulting solution was added a solution of indole 190 (430 mg, 2.10
mmol) in DMF (5.0 mL), and the resulting mixture was stirred at room temperature for 30 min,
at which time 1-bromo-3-(triisopropylsiloxy)propane (629 mg, 2.1 mmol) was added to the
suspension. After stirring at room temperature for 1 h, the reaction mixture was treated with water,
and the aqueous layer was extracted with diethyl ether three times. The combined organic extracts
were washed with brine three times, dried over sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure to give a crude material, which was purified by silica gel
column chromatography (hexane/dichloromethane = 5:1) to afford the title compound (471 mg,
1.12 mmol, 53%) as a pale yellow solid. R = 0.39 (hexane/dichloromethane = 5:1); M.p. 46-47
°C; IR (ATR, cm™): 2942, 2891, 2865, 1610, 1462, 1384, 1347, 1099, 1069, 882; 'H NMR (400
MHz, CDCls): § 7.70 (d, 1H, J = 7.6 Hz), 7.62 (d, 1H, J = 7.2 Hz), 7.54 (d, 1H, J = 8.0 Hz), 7.47
(d, 1H, J = 8.0 Hz), 7.32 (dd, 1H, J = 7.6, 7.6 Hz), 7.24-7.18 (m, 2H), 7.13 (dd, 1H, J = 7.2, 7.2
Hz), 4.60 (t, 2H, J = 7.2 Hz), 3.82 (t, 2H, J = 5.6 Hz), 3.73 (s, 2H), 2.17-2.08 (m, 2H), 1.21-1.03
(m, 21H); BC{*H} NMR (100 MHz, CDCls): & 148.3, 144.4, 141.5, 135.5, 126.7, 125.6, 124.7,
124.2, 121.2, 120.5, 119.6, 119.1, 118.1, 110.2, 60.5, 41.7, 34.2, 30.3, 18.2, 12.1; HRMS

(DART*) m/z: calcd. for Co7HssNOS, 420.2723 [M+H]"; found, 420.2706.
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11-(Triisopropylsiloxy)undecyl bromide.

A 300-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged
with 11-bromo-1-undecanol (2.06 g, 8.22 mmol), imidazole (1.40 g, 20.6 mmol), and
dichloromethane (42 mL). To the solution was added triisopropylsilyl chloride (1.92 mL, 9.0
mmol) dropwise. After stirring at room temperature for 3 h, the reaction mixture was treated with
water, and the aqueous layer was extracted twice with dichloromethane. The combined organic
extracts were washed with brine, dried over anhydrous sodium sulfate, and filtered. The filtrate
was concentrated under reduced pressure to give a crude material, which was purified by silica
gel column chromatography (hexane/diethyl ether = 9:1) to afford the title compound (3.27 g,
8.02 mmol, 98%) as a colorless oil. Ry = 0.29 (hexane); IR (ATR, cm™): 2927, 2864, 1462 1346,
1103, 882, 735, 680; *H NMR (400 MHz, CDCls): 8 3.66 (t, 2H, J = 6.8 Hz), 3.41 (t, 2H, J = 6.8
Hz), 1.85 (tt, 2H, J = 6.8, 6.8 Hz), 1.58-1.49 (m, 2H), 1.46-1.38 (m, 2H), 1.37-1.24 (m, 12H),
1.14-0.99 (m, 21H); 2C{*H} NMR (100 MHz, CDCls): 5 63.6, 34.2, 33.2, 33.0, 29.7, 29.62,
29.60, 29.57, 28.9, 28.3, 26.0, 18.2, 12.2; HRMS (DART™") m/z: calcd. for C2Ha3BrOSi, 408.2246

[M]; found, 408.2238.

5-((11-Triisopropylsiloxy)undecyl)-5,10-dihydroindeno[1,2-b]indole.

A flame-dried 50-mL two-necked tube equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and a three-way stopcock was charged with sodium hydride (72.0 mg, 1.8 mmol)
and DMF (1.8 mL). To the resulting solution was added the solution of indole 190 (326 mg, 1.59
mmol) in DMF (4.5 mL), and the resulting mixture was stirred at room temperature for 30 min,
at which time 11-(triisopropylsiloxy)undecyl bromide (0.70 g, 1.7 mmol) was added to the
suspension. After stirring at room temperature for 1 h, the reaction mixture was treated with water,

and the aqueous layer was extracted twice with diethyl ether. The combined organic extracts were
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washed with water and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane/dichloromethane = 5:1) to afford the title compound (611 mg, 1.15
mmol, 72%) as a yellow oil. Rf = 0.33 (hexane/dichloromethane = 5:1); IR (ATR, cm™?): 2927,
2864, 1462, 1103, 882, 735, 681; *H NMR (400 MHz, CDCls): & 7.63 (d, 1H, J = 8.0 Hz), 7.56
(dd, 2H, J = 8.6, 8.6 Hz), 7.39 (d, 1H, J = 8.0 Hz), 7.35 (dd, 1H, J = 7.6, 7.6 Hz), 7.24-7.17 (m,
2H), 7.16-7.10 (m, 1H), 4.42 (t, 2H, J = 7.2 Hz), 3.73 (s, 2H), 3.65 (t, 2H, J = 6.8 Hz), 1.91 (tt,
2H, J = 7.2, 7.2 Hz), 1.59-1.47 (m, 2H), 1.47-1.37 (m, 2H), 1.36-1.19 (m, 12H), 1.13-1.00 (m,
21H); 2C{*H} NMR (100 MHz, CDCls): & 148.4, 144.3, 141.4, 135.6, 126.7, 125.8, 124.7, 124.2,
121.2,120.5, 119.6, 119.2, 117.9, 110.1, 63.6, 45.0, 33.2, 31.0, 30.3, 29.73, 29.67, 29.61, 29.58§,
29.56, 27.2, 25.9, 18.2, 12.2; HRMS (DART™") m/z: calcd. for CssHsaNOSi, 532.3975 [M+H];

found, 532.3975.

5-Allyl-5,10-dihydroindeno[1,2-b]indole.
The title compound was obtained as a white solid in 51% yield (628 mg, 2.56 mmol) from indole

190 (1.03 g, 5.0 mmol) according to the reported in the literature.®

5-n-Hexyldibenzo[b,flazocine-6,12(5H,11H)-dione (209).

The title compound was obtained as a pale yellow solid in 62% yield (301 mg, 0.937 mmol) from
the corresponding indole (421 mg, 1.50 mmol) according to the synthesis of 207. R; = 0.29
(hexane/diethyl ether = 1:1); M.p. 107-108 °C; IR (ATR, cm™): 2957, 2926, 2859, 1682, 1652,
1594, 1370, 1309, 1106, 771, 748, 725; *H NMR (400 MHz, CDCl3): 4 7.46-7.37 (m, 3H), 7.31—
7.24 (m, 1H), 7.23-7.17 (m, 2H), 7.15-7.11 (m, 1H), 7.07-7.02 (m, 1H), 4.57 (ddd, 1H, J = 13.2,

10.0, 6.4 Hz), 4.33 (d, 1H, J = 17.0 Hz), 3.83 (d, 1H, J = 17.0 Hz), 3.24 (ddd, 1H, J = 13.2, 9.6,
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5.0 Hz), 1.60-1.37 (m, 2H), 1.35-1.17 (m, 6H), 0.85 (t, 3H, J = 7.6 Hz); ®C{*H} NMR (100
MHz, CDCls): 8 200.7, 169.8, 140.6, 137.0, 136.0, 133.2, 132.4, 130.2, 129.4, 129.2, 128.8,
128.2, 127.9, 127.4, 50.2, 49.8, 31.5, 27.9, 26.9, 22.6, 14.1; HRMS (DART*) m/z: calcd. for

CatHaNO2, 322.1807 [M+H]*; found, 322.1812.

5-Butenyldibenzo[b,flazocine-6,12(5H,11H)-dione (210).

The title compound was obtained as a pale yellow solid in 90% yield (194 mg, 0.666 mmol) from
the corresponding indole (194 mg, 0.736 mmol) according to the synthesis of 207. R; = 0.22
(hexane/diethyl ether = 1:1); M.p. 99-101 °C; IR (ATR, cm™): 2923, 2853, 1683, 1646 1453,
1366, 1274, 775, 745; 'H NMR (400 MHz, CDCls): § 7.45 (ddd, 1H, J = 8.0, 8.0, 1.6 Hz), 7.43-
7.38 (m, 2H), 7.30-7.24 (m, 1H), 7.23-7.16 (m, 2H), 7.14 (d, 1H, J = 7.2 Hz), 7.07-7.01 (m, 1H),
5.73 (ddt, 1H, J = 17.0, 10.0, 6.8 Hz), 5.10-5.05 (m, 1H), 5.05-5.01 (m, 1H), 4.79 (dt, 1H, J =
13.6, 7.6 Hz), 4.38 (d, 1H, J = 16.6 Hz), 3.80 (d, 1H, J = 16.6 Hz), 3.35 (ddd, 1H, J = 13.6, 7.6,
5.4 Hz), 2.36-2.15 (m, 2H); *C{*H} NMR (100 MHz, CDCls): § 200.5, 170.1, 140.5, 136.8,
136.0, 134.9, 133.3, 132.5, 130.3, 129.6, 129.2, 128.8, 128.2, 127.8, 127.5, 117.8, 50.2, 49.4,

32.2; HRMS (DART™) m/z: calcd. for C1gH1sNO2, 292.1338 [M+H]*; found, 292.1332.

5-((3-Triisopropylsiloxy)propyl)dibenzo[b,flazocine-6,12(5H,11H)-dione (212).

The title compound was obtained as a pale yellow solid in 80% yield (323 mg, 0.716 mmol) from
the corresponding indole (375 mg, 0.894 mmol) according to the synthesis of 207. R; = 0.35
(hexane/diethyl ether = 1:1); M.p. 85-86 °C; IR (ATR, cm™): 2943, 2867, 1681 1645, 1453, 1391,
1106, 883, 678; *H NMR (400 MHz, CDCls): § 7.47-7.37 (m, 3H), 7.31-7.23 (m, 1H), 7.22-7.13
(m, 3H), 7.07-7.02 (m, 1H), 4.75-4.66 (m, 1H), 4.32 (d, 1H, J = 16.8 Hz), 3.83 (d, 1H, J = 16.8

Hz), 3.74-3.63 (m, 2H), 3.49-3.40 (m, 1H), 1.85-1.63 (m, 2H), 1.11-0.93 (m, 21H); BC{*H}
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NMR (100 MHz, CDCls): 6 200.4, 169.8, 140.7, 136.9, 135.8, 133.2, 132.3, 130.2, 129.4, 129.1,
128.7, 128.1, 127.8, 127.4, 60.8, 49.8, 47.4, 31.2, 18.0, 11.9; HRMS (DART") m/z: calcd. for

C27H3sNO3Si, 452.2621 [M+H]*; found, 452.2605.

5-((11-Triisopropylsiloxy)undecyl)dibenzo[b,flazocine-6,12(5H,11H)-dione (214).

The title compound was obtained as a pale brown solid in 62% yield (383 mg, 0.679 mmol) from
the corresponding indole (584 mg, 1.10 mmol) according to the synthesis of 207. R; = 0.29
(hexane/diethyl ether = 2:1); M.p. 67-68 °C; IR (ATR, cm™): 2928, 2863, 1690, 1656, 1596,
1455, 1387, 1103, 882, 680; *H NMR (400 MHz, CDCls): & 7.47-7.36 (m, 3H), 7.30-7.24 (m,
1H), 7.22-7.16 (m, 2H), 7.12 (d, 1H, J = 7.6 Hz), 7.07-7.00 (m, 1H), 4.56 (ddd, 1H, J = 13.2,
10.4, 6.4 Hz), 4.32 (d, 1H, J = 17.0 Hz), 3.83 (d, 1H, J = 17.0 Hz), 3.65 (t, 2H, J = 6.8 Hz), 3.23
(ddd, 1H, J = 13.2, 10.0, 4.8 Hz), 1.57-1.36 (m, 4H), 1.35-1.17 (m, 14H), 1.14-0.97 (m, 21H);
13C{*H} NMR (100 MHz, CDCls): 200.7, 169.8, 140.7, 137.0, 136.0, 133.2, 132.4, 130.2, 129.4,
129.2, 128.8, 128.2, 127.9, 127.4, 63.7, 50.2, 49.9, 33.2, 29.7, 29.6, 29.4, 28.0, 27.2, 26.0, 18.2,
12.2 (two aliphatic carbon signals are missing due to overlapping); HRMS (DART™) m/z: calcd.

for CasHsaNOsSi, 564.3873 [M+H]*; found, 564.3886.

5-Allyldibenzo[b,f]lazocine-6,12(5H,11H)-dione (216).

The title compound was obtained as a pale yellow solid in 99% yield (137 mg, 0.494 mmol) from
the corresponding indole (122 mg, 0.497 mmol) according to the synthesis of 207. R; = 0.23
(hexane/diethyl ether = 1:1); M.p. 89-91 °C; IR (ATR, cm™): 2910, 1687, 1649, 1453, 1384,
1280, 1025, 778, 746, 668; *H NMR (400 MHz, CDCls): § 7.47-7.36 (m, 3H), 7.30-7.24 (m, 1H),
7.24-7.18 (m, 2H), 7.14 (dd, 1H, J = 7.8, 1.0 Hz), 7.07-7.02 (m, 1H), 5.85 (ddt, 1H, J = 17.6,

10.0, 6.8 Hz), 5.17-5.08 (m, 2H), 4.98 (dd, 1H, J = 14.4, 6.8 Hz), 4.32 (d, 1H, J = 16.8 Hz), 4.00
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(dd, 1H, J=14.4, 6.8 Hz), 3.82 (d, 1H, J = 16.8 Hz); *C{*H} NMR (100 MHz, CDCls): § 200.3,
169.6, 140.2, 136.6, 135.9, 133.1, 132.5, 131.9, 130.4, 129.5, 129.3, 128.9, 128.2, 128.1, 127.4,
120.4, 52.8, 49.7; HRMS (DART") m/z: calcd. for CisHisNO2, 278.1181 [M+H]*; found,

278.1183.
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4-1. 8

12-v 7~z (r7a7 b)) 106)E, it L7 EEASEZRNICHET D,

I

OFTAHFHETH D, Zovrnr7 by, @mleE LTHD TRE SNIZON 1966 4
THDHITHL D BT, Fig 1-4-12 TR LU L 212, M#ER 72 SOSMEDFFRIE AR+ T
b D, WEBRNVRWERE LT, Y7 a~Fi v L, BEOARICE 0Tk
EETLIENFEFLND, T T, 2ECHE LM T 0 b URAREY I 0T L

CHEHTIUE, SRR REHNVICRDEBRT, =/ — LV )T T— Rinb,
1,2-7 7 a~FHh T 106)13FBAET H-DICiE, WRICEAM T e hoRnT =L

AT <, 7T VWAL THEITT 2 02705 & % (Scheme 4-1-1),

oTf 23CoTr
- = O/ — @ —— > cycloadduct
allylic - cycloaddition
deprotonation
106
Scheme 4-1-1

Z T, AMFIETIE, TRETOT AT = ANTORT 7 ko 23 572012, B
Tu hWEEDTNTZNAMLD o ML ATFNAEEEA L) —V ) 7T — &
FEEELTHW, a7 LR OREZR AT, HHRE LTI RV T AT IR
ZRAW, FHTHRAET LT =AU HEORICNEE T2 2 & T, FRUE~DEI S % #iil
L, k& HAREEEDD, SR TOY /a7 LU RgEZD I LT,

LI 4-2-1 TIX, AFNEE—DEALLT /) —V ) 7T — MNIxtL, Fix D4
BT X RS, HEOHIE SR EER, a7 rd Bl rsuer b

YRR ORAELITE JIETTRE OV TN, ZOB, BEDRIT13-VT7 =1
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A YR T T (58) & DAL BUS TR DT AR 2 & &I Hlkr L7, 4-2-
2T, ZOoDAFAEEEA LI ) =V ) 7T — M EE L THWE, 42-1 T
DOREFE R, S HICHIE L OVRREFEZ REL T2 LT, 7 VAL TORRLH
7 hrEOI L, £, BAAINRIMADREEREIZOW T bitfia el Lz, 4-
2-3 TUE, 44-UAFN-12-v 7 X H DU R RISEEZA L NICT 5 BT, A
FLrldR+2], = v &OBRUTMERILRISZ G LTz, 42-4 TlE, ¥ 7u7 b

R D S FHNEORZ K Dt 2 B L7z,
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4-2. BREER
4-2-1. 1 BBRIT/—NLRMIDS5—FERAWS, 907 REDORE

9, REL LT/ =L ) T7T— 1 230 A LT, 2-2 7t/ L (84)IC
XLy F =T v, T — MOSHNZ KD LAMPNBOERE, f< Y 7Y

b Z4TVY, 230 A 1572 (Scheme 4-2-1-1),

Cul 1.0 equiv
MelLi 2.0 equiv PhNTf, 1.05 equiv

o) oTf
(j Et,0 Et,0 / THF Q/

-78°C,2hto0°C,2h 0°C,3htort,2h
Me

230: 48%

84

Scheme 4-2-1-1

1@E#T ) —/L N 7T — 230Kt L, fixD&RT I FEHWT, v 7ue7L
VHRIRDRAEE R T, 7235, 7 a7 LR 232 H EIE CIRHEBECE 2o,
FOFAERRIL 13- T 2= A IRV T T (58) & DANIEDIL R A & & 1 HIr L
2o £, 20 BL L5 YEBEDOA VRV T T 58 O THF IERICH L, RIET3.0Y
D Mg(Ni-Pr2),- 2LiCl % /il 2 7=(Scheme 4-2-1-2), & D& H, 230 % 10%EILT 5 & & 6
2, 7 a7 ¥ 231 LOMIE 233 721 T, BIIO Y7 r T L2232 L oftn
K234 HLAERLZ, ZORERIE, 2ETOY 7 a7 X U RAEICBNT, B a bR
TN AL DI THEIT L TWZDIZHT L, 230 IZEA L7 A FVEE L H A OSTIRREE

LY, TINMITHHT 2 o PNHEIT L2 Z 2R LTV 5,
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Ph

=~ Ph
(0] 1.5 equiv
g O

Ph 58 r 7
oTf
Mg(Ni-Pr5),-2LiCl 3.0 equiv e
10O m)
THF
Me rt, 8 h Me Me Me
230 - 231 232 -
3 3 233: 14%
("H NMR)
234: 10%
("H NMR)

+ 10% recovery of starting triflate 230

Scheme 4-2-1-2

wic, EOxT ) =L ) 7T — 1 230 BRI ELH7H, 60 CETHIRL, ¥ 71
T L DR H AT (Table 4-2-1-1), & DFfER, Mg(Ni-Pry),-2LiCl Z W5 &, = /) —
NRUTT— 1230 1FHEL, v/ a TR 231 EOMIK233BLW, voueT L
2232 L OFPIA 234 % 2:1 OHOIRGEW E LT, I 51% TH7z(entry 1), [AIERIC

AV TaENEEE T IOVIRICE 272 Mg(NEt),+2LiCl Z W24 TY, 2:1 O TH
A 233 & 234 157 (entry 2), ZAUZKIL, 7 NEBOOSAEEE L »SE L
72, Mg(Ni-Prz-Bu),+2LiCl & W2 & 2 A, HEJOAMERILAR 233 & 234 132< 50BN
IRinodz(entry 3), AL, ERIEFOBEEASSANIZ S &S, AR, —L b
V77— b EETERDSTEZENRRTHDL EBZHND, RIT, BIROT I M
BTV RY LT I REHWTHRE LIz, &7 mak s URAITRIE Th -7
Mg(TMP),-2LiCl & Tz & 2 A IR m B U, A4 233 & 234 % & ot TULE 73%
T3/ (entry4), —77, TMP (% —>4H9 5, Knochel —Hauser Hi 5% 7= 555, L

HEREVT, =/ =L U7 F—h 230 % 82%[AIUL L 7= (entry 5), F&ZIZ, B X —
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NFH L DNFEEFRLT-DI, RLT I MEEEZAETLH2VTF VLTI REfAWnWE, £
OfER, LDA Z{EH XI5 &, Mg(Ni-Pr)-2LICl Z W54 L, RZEOBREE5E
(entry 6), L7»L, LITMP Z# W5 Lo 7 a7 Ly 232 MBS L CHRAEL, v/ rT b

X231 &£ DI 1:3 Th o 7=(entry 7),

Table 4-2-1-1
Ph
Ph
~I
(0] 1.5 equiv ﬁo
—
Ph 58 r 7
OTf _ e
Base 3.0 equiv
O n)
THF Ph
Me 60 °C, 3 h Me Me Me
Ph
230 - 231 232 -
233
Me 234
Entry Base Yield of 233 (%)@ Yield of 234 (%)?
1 Mg(Ni-Pry),-2LiCl 34 17
2 Mg(NEt,),2LiCl 22 12
30 Mg(Ni-Prt-Bu),-2LiCl —e —e
4 Mg(TMP),-2LiCl 38 35
5¢ TMPMgCI-LiCl —e —e
64 LDA 48 14
7¢ LiTMP 13 33

@ The yields were determined by "H NMR spectra with 1,1,2,2-tetrachloroethane as
an internal standard.

b Recovery of 230: 8%.

¢ Recovery of 230: 82%.

d Reaction conditions: 0 °C, 30 min.

€ Not observed.
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E, TOMMOEEY 7 a7 % 231 L ORI 233 #F5ET S HEE LT, H
2 ETHIE LIERALEEZ W, T4bb, 6\ AFNVELZEA LT ) —L YT
77— b 235%Zx L, Mg(TMP)-2LiICl Z/ESELH Z Lic kY, 7 a7k 231
BRI Z 584 S B 72 (Scheme 4-2-1-3), CDOfER, HD 233 27 A7 LAk 3:2
DIRGM & LTI 2% THAEL, 1554172 'THNMR A7 MLZEBWT, 0.60 3 X

W0.73 ppm DA FNLIED X T Ly NPHERTE T,

Ph
=
oijij 1.5 equiv
—
Ph - -
! 58 Ph
Mg(TMP),-2LiCl 3.0 equiv
0
oTf THF
Me rt, 3 h Me Me Ph
235 231 233: 72%

(dr = 3:2)

Scheme 4-2-1-3

147



4-2-2. 2 BT /—I)LN)I5—F2RAWS, 707 LU ORBIRRELE DERE

T )= h)T7T—=1r230 05, V7 a7 L URBERRAE LM ESE X, RIZ,
SHICATFNEEZEA L) — VN 7T =R 23752 HE LT, v 7mrT7 Lok
R EE2DS L, =/ —/ U 75— 1 2370%, 230 LRIERIS, 3-AF-2-27

mAFt ) (236)00 5, 1 B TH L L 72 (Scheme 4-2-2-1),

Cul 1.0 equiv
0 MelLi 2.0 equiv PhNTf, 1.05 equiv OTf
Et,O Et,O / THF
-78°C,15ht00°C,25h 0°Ctort,4h
Me Me Me
236 237 : 53%

Scheme 4-2-2-1

T/)—= VY T7T—=h2TH2HNT, a7 LroREERRZ, £7, HEEL
T7x= VI FULEEHS®ELEZA, =/ — VN T7F— ] 237 % 28%[EINT 5
EEBHIT, 33-TU ATV T aaFH ) L (238) 2 IR 72% T 7= (Scheme 4-2-2-2), 238
AR LR, 7 ==Y F o LOREEREL, 237D~ 77— FEEORE

TR T D RELEPEIT LEENLTH L EBERADND,

Ph
~
OiD 1.5 equiv
—
Ph  5g
(0]
oTf i i
PhLi 3.0 equiv Recovery of 237 .
THF o
Me Me -78°Ctort, 4 h -
- 238 :72%

Scheme 4-2-2-2
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IZ, Table 4-2-1-1 ICBWTEIER TH A 2O~ 7R T AERT I REMHNT,
60 CCETHIEL, 7 nu7T L DA% AT (Table 4-2-2-1), 1ZLOHIZ, Mg(TMP),-
2LICL Z WL 2 A, BBl 7 VAL TOR T v U BHEITL, 44-2 A F0-1,2-
7 mNFHH U (239) & DOFRHINE 240 1 KU 241 ZUUER 87% T 7= (entry 1), = DFE R
1%, 2 2D A FNVEONKEEIZL T, TATF= AL TORT a b RFEEITHH S
, T UL TORERB W 7w b DNET L2 L AR LT D, £72, LDA Bk
D Mg(Ni-Pra),-2LiCl & V2 EUERIEHE L, AR 240 38 KON 241 % @ &M
(entry 2), ZOULEIL, v/ a~FL L B)EA VXY T T 58 THRIELZGA LIk
N5 L, 0% EEVETH D, ZOBERDO—>E LT, BETLHPRUEDZENE
ZbNb, Tbb, Y7 ua~ty rGHIZEREED sp RF 2 OBNOTATNDHDIZ
XL, ¥Z7a7 1239131 290 sp RFELDOTATWVRY, 1oT, HT2EKTH
2L, a7 LrDOTHOTP/NSLRY, £ IXY 7T 0 & OMNINEEEOG
DENETEIT LB ZOND, T2, ZOARIMINBRILEOS T, MERIRMEITIE
FRBET, 239D " 20bh 5 HEEGD I L, AFAREITEVIIO ZEES TRIGHIE
AT LTASINR 240 230320 L CAER Lz, ZORRIE, Guitian b DOJEATHIZEIC
BWT, RLA YRV 7T 88 EDORIGN, KO SRINTIAREG - - ZHEHES TE

Fe L CHEDRER & —H L TV D 2,
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Table 4-2-2-1

Ph

~I
Oijij 1.5 equiv
/
Ph O

Ph 58 Ph H
OTf
Base 3.0 equiv Ph
> — +

THF Me H
Me Me 60°C, 3 h { Me Me Me Ph Me Me
237 239 240 241
endo : exo endo : exo
240 (%) 241 (%)
Entry Base endo : exo (endo : exo)
. 49 38
1 Mg(TMP),-2LiCl (34 : 15) (28:10)
. . 55 45
2 Mg(Ni-Pr,),-2LiCl (36 : 19) (26 : 19)

The yields were determined by "H NMR spectra with 1,1,2,2-tetrachloroethane
as an internal standard.

£77, 44T AFN-12-2 7 a AT YT (239) E OAFINME 240 1 LY 241 D&,
Guitian H DFATHIRIZEIT D, 12-v 7 a~FHh o= 106) L A VR 75 58 &
DFTIMED 227 VA& £EIZ, 'H NMR 2 X D IRE L7-(Fig. 4-2-2-1)*®, £9°, {0
240 & 241 1%, TV =T a hrOH 7Y o THEAOEOC OB L, T
bbb, TINMIOAFTa kOB 7TV 7L, ¥7 by hTRHEIS 2
FOLEW %A NINE 241 D endo (KL exo I, AF 7 v b AZMA T afidAF L
Ta by 7Y BB S VI 2 FEOLE Y Z 240 D endo 1K L exo K TH S
EHIWE LT, F2, SERBRRE, T U MLO AT T a hrOfbFEY T R B LT,

Thbb, 12-370~FH I 106)E A IR T T 58 EDFAINATIX, endo

RIZAF 7 m O —2778 3.05 ppm IZBJI S LD DIZK L, exo 1K1F 2.52 ppm (T

150



BHISTWD, 2O exo RO AF 7 a BN ERSY 7 FLTWAERRE LT, 4
T-INOMFBR L7228 UV BRIC X DRI B 2 D, ABFFETH 2 & IO R 23
H BT, 723, Guitian B3 X BEREEEEMITICE > T, endo K TH D Z L ZHERE L
TW5b, REIGOEHE, 4FEOMIME240 BX 241 OAF T hrDH L, 2T
2.55, 2.59ppm I, &9 2 FlE 3.06, 3.29ppm (CEHITE 7z, YU EDFEFENSL, T
=D T e hRAT Ly hTEIITE=241 DO 5, 3.06ppm (IZAF 71 bR
b Db % endo-241,2.55 ppm [T 8 DG % exo-241 & IRTE LT, [FAIERIZ endo-240,

ex0-240 H T T X7,

3.11-3.02 ppm (m, 1H) 2.57-2.50 ppm (m, 1H)

3.32-3.26 ppm (m, 1H) 2.61-2.56 ppm (m, 1H)
endo-240 exo-240 endo-241 exo-241

Fig. 4-2-2-1

RE, 2ETOMPEY, = /= ) T7T7—1F160c ZFEEH L LT, MR T/ 2Iv
LAERT I REEMSEEEA, 7 a7 L2 239 BHROAIMRIE 4 < AR L TV 7 s
- 72(Scheme 4-2-2-3), £72, AED 60 °CTORMIBNTEH, 7 a~F i 242 H
KOFIAE 161 1%, MR TEX ol &b, ¥ r/aT7 239 L~y
282 DEMALITE Z > TE BT, TUAMITOBIRWRBL T e b 2T, v ra7 L

VOBRNERLTIZEWZ B,
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Ph

~
Oij@ 1.5 equiv
_

Ph  5g

Mg(TMP),-2LiCl 3.0 equiv

; oTf

Me Me

L 242

THF
Me Me rt. 3 h
160c
Ph
—~
Oi:‘g 1.5 equiv
—
Ph 58
oTf
Mg(TMP),-2LiCl 3.0 equiv
THF
Me Me 60 °C,3h
237

o

Me Me

L 239

OO0 -

Cycloadducts
with
cycloallene
Me Me ph 240 and 241
161c: 75% Not observed.

o L]
<

Me Me

Ph
1.
H
Ph

240

—_—
Me
Me

241
87%

Scheme 4-2-2-3

4-2-3. 4,4-CAFI)IL-1,2-AAXH O T OER WS FD O IR K

BRI AENAIRE L IR o T2 44-U AT -12-7 7 o ~FH U (239 % L, [2+2]

BILOBRMBILEIGZBR Lz, X LD, 4 YR 7 T 88 ZfFSEFIC

60° CICTRIGSHILEZ A, 239088 9 —43F?D 239 LG L, 8K 243 3R L7

(Scheme 4-2-3-1), 7235, 5§07 “8BKIE 3 HMOMEREIKDIERGM CTh -T2,

Mg(TMP),-2LiCl

oTf :
Q/ 3.0 equiv
THF

Me Me 60 °C, 2 h
237 L

>

Me Me

239 -

Me

szofosh

Me Me Me Me Me Me

—

Me Me
Me Me

243: 61%

Scheme 4-2-3-1
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ZOMRESEZ, Y7 uT L UHRERBR 2B LR 3T, 2h3E K < i
TEDLEZ, RICAT L 2 (244) L DI % 7 7» 7= (Scheme 4-2-3-2), £ DfER, 60°C,
5 BRI CRUSIIRE T L, AF L & OFINK 245 B8 KT 246 % & o TILER 82% T
oo ZOBE, 2 BEHEOMBERMEERD OB, AF MR EREWMIlO ZHEfEA TG LTZ 245
WL AR LT, £70, 4 VRV 75058 L OARINMBEER & 13720, exo I

WERLTE LN,

P

7" "Ph 30 equiv
244 -
Mg(TMP),-2LiCl

oTf _ Me Me
3.0 equiv ex0-245: 27% exo- 246 24%
THF
Me Me 60 °C,5h Me Me
237 S @j E;:‘
Me Me

endo-245: 18% endo-246 13%

Scheme 4-2-3-2

Z OFHINA 245 35 J O 246 OFEIEIL, Moore, Moser b D SEATIFZEIZEBIT D, 1,2-2 7 1
AFHFTZ(106) & AT L (244) E OFFIME 110 DAY MLV EHEIZ, 'H NMR (IZ
LR LIz 40, £, (K 245 & 246 1%, [4R2)INBRILIEOBRERILL, Tb
TFENMEDOT e N DIy T TREROEBONL R LT, Tbb, v by b
TEN &7z 2 OB & HIEK 245 O endo KL exo IR, afidDAF LT kv

DTy TV TR ST 2 O EW A 246 D endo K& exo K TH D & HIWT L
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7oo FTo, SREET, XUUMIOT e b DF T T FERB L OB T b
S L7z, T72bb, 12-v7 g AFH T (106) 8 AT L 2 (244) & OFFIMAE 110 T
1L, endo (RO NAALOT v v DE—27 N 3.70 ppm (2, X T NVXTNVET L bk
ELTHBIIENTWADICHL, exo KO E—271%2.99 ppm TH D LHMESIHTNS,
Z D endo IRDOEEITH LD > 7 MX, 43 FINO ZHEREA OIEHEMED R AR IK
ThdLBEZLND, ABFFETH 2 EFBIOMM R Hiviz, 7235, Moore, Moser &
1%, UL FOFETY R b2 8 LTV 5 (Scheme 4-2-3-3), 9, U1K 110a 35 L
110b O " FEfEA ZKFBIRIMC LV IEIT L, 247Ta B LV 247b ~EE X Z D 247b % 4%
& LT, BIORETAKRL TWD, Thbb, 13- 7 ads ¥ Q48) % ik &
LT, EFRREIGNE, B Rk vHEl, BicisT, cis-B3 7 u-[42.0]-7-4 27 %
7 (250) 2GR, convex TN H DT ==L U F I LDOREKEIZL-T, BH—D
TAT LA~ —L LT251 25T 5, TOHROEET CTORE Ka i ki, 4
AR R &b THEITT 5728, 110b 28 endo IR TH 2 LR CTE - MEINT
W5, REISOEE, 4 MOMIMED R DA DT hrDH b, 2N TIVET
NET Ly hELTRIHIENT, ZO/RERE, TAri=rTa hroh vy v T

X0, 4aFEDBMROREEZE LT,
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Br MelLi 244 .
Cj Br Et,O
_15C H Ph H Ph
2.2 : 1
109 106
110: 76%
Pd/C
Hy
—_—
H 95% H
H Ph H Ph
110a 247a
Pd/C
H, Pd/C, AcOH
—_—
--IPh |||Ph H2
H H H H 84%
110b 247b
H 1. BoHg H H
2. H,CrO, [:::j::L> PhLj [:::I:q
hv 60% o 87% '"'OH
H H H Ph
248 24% 249 250 251

Scheme 4-2-3-3

WIZ, SERDHIEDEHILEBIE LT, = Fa v & OB INB LS & et L
Too WEST UT-BESAE T, N-t-7Fh-a-7 ==L = b1 (169 % Wizt 2 5, sbitd
HA Y FFHY P 252 B I 253 ZUUHE 57% THH7-(Scheme 4-2-3-4), Z DT
1%, endo KDMESE U CTHERR LT, exo (ROERR bHER TE 7203, BIEIKRO Iy BEDS K<
oY, AT 'H NMR A7 MAVORETHEN RO T, endo K THH Z L1E, ik
D Garg HDFATHIR S 25510, TIUNMIDAF T a b b7 ==L NOE
BIC LV R Lz, Fiz, MERMEROWREICE L TIE, oMMERLIS DR & Ak

Wz, T ra b0y ) o TR B LT,
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S
0. @ t-Bu
N

J 2.0 equiv
169

Ph /t-BU
Mg(TMP),-2LiCl h O-N
OTf 4.0 equiv "'Ph
THF
Me Me 60°C,5h Me Me Me Me
237 L 239 - 252: 24% 253: 33%

(endo:exo = >10:1) (endo:exo = >5:1)

Scheme 4-2-3-4

156



4-2-4. /07 L RO S FRREIZSSHiERE

423 1ZBWVWT, AF L= britisdyra7r Ly 239 OFRIZEE L, L
2L, 43 BRI X 23 CIIEB O BEER AR L, 2 O®%OIERIZRAE Th 5,
INESER, R, BFNRIGICE D PREOHIEZ O S Lz, BIEETIZ, 5 FW
FISMZE T, v 7m7 bt L7efillE West bO—HfllcE K5, H5I1%, 2-7
0E-3-T hF2-vruantt ) Q5405 2 TRT7 I VREERMEEZAET D
Un7m K256 #6KL, TBAF Z W57 a7 L2 257 ORAE L, 43 FH[4+2f)
IMERACEISIZ K> Ty 7 a7 L o Offife #2k L TV 5 (Scheme 4-2-4-1) %, Z DR
X, OFTHPRERDES NG ETED LTI TH Y, 4 RIEOHEER B & — 5 TS

VC\\% %.7)0

—_—

OEt |, \/\/@; 0 LiSiMe,Ph  OAc

. H,O° /' \ A0 /o\
o SiMe,Ph
254 255 256
OAc
Br
I\
) O
SiMe,Ph
256 257 258: 65%

Scheme 4-2-4-1

TOMAESEZ, v/uT LU ESTAMIGICE VR T I EnTENR, £
BRI B O ST N D LB 2T, £ 2T, [AR2IMBALSORFHZ M,
77 UREAEICE D ) — v N 7T — OB AR AT (Scheme 4-2-4-2), £ T,

2-A NX T 7T 259D ) FALEFHEA~D N T AR Z AL ERD, 2-T HENRY
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DL T = RQR60)EDIRES TV kD, 261 ZUER 32% TETZ, i, 3-X4
FN2-v 7 a~Ft ) QRINKT D, Tx= AT = FIAT =D LAR

sc kv, Ho= ) —L h) 75—k 262 IR 73% TERK LT,

Br
1.0 equiv
CN

OMe MN-BuLi 1.2 equiv 260 OMe | HMmDS
THF, rt, 10 min;  Pd(PPhs); 5 mol% 0  1.05equiv 0
2 <)
= ZnCl,*TMEDA THF THF 1.1 equiv
1.2 equiv reflux, 21 h CN -60°C, 1h
259 THF, rt, 30 min 236 Me
1.2 equiv 0
2% 261 THF, -60 °C, 3 h;
Comins' rgt
1.2 equiv
THF, 0°C,3h
73% (dr = 3:1)
MeO
OTf O~
M
cN
262

Scheme 4-2-4-2

BONTZ 262 12xF L, 4-2-2 (12 CHENE LT i@ S, 20 T[4 B L SO % i

7-(Scheme 4-2-4-3), L22L, HWAERY 264 13555107, FED 262 % 19%[RIIX L 7=,

MeO MeQ MeO
OTf O~ Mg(TMP),-2LiCl 3.0 equiv SN @
- — (0
ove
60 °C,3h MeCN
Me Me
CN L CN h 264: No product
262 263

+ 19% recovery of 262

Scheme 4-2-4-3
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WIS, DFRREMINOGE 2R Lz, 7 a7 Ly OOFARRBZIHT HEHIR
T ORBHEZWFREL, =/ — /N ) 77— 267 DEKE DX L7 (Scheme 4-2-4-4),
FT, T2 AT b= MU AT =4O 1AMIBIEZRIH L, 3-AF12-2 7 -~
¥ @36)ICxT MM E, MY 7 U MRIZE o T/ = R 7T — b 266 %X
3 83% TRz, IRIZ, 266 DT J FEDBICIZ L DT X 7 He~DEW 277 7-%, DIBAL
EKRFBILFRTHET NI T AZHNTT 2 A%, 27Ky N TBocfRi#L, H

o= ) —) v 7 F— ]k 267 2R 75% T,

0]

ij\ 1.1 equiv
Me
236
LHMDS THF oTf
©\/ 1.05 equiv -60°C,3h
CN THF PhNTf, 1.2 equiv CN
—60°C,1h THF Me
265 0°C,2h Ph
1.0 equiv 99% 266
(dr = 55 : 45)
oTf EtzN 1.2 equiv
NHBoc B0c20 1.2 equiv NaBH, 3.0 equiv. DIBALH 1.5 equiv

CH,Cl, / MeOH CH2C|2 / MeOH CH2C|2
Me rt, 24 h rt, 1 h -78°C,2h
Ph
267 75%
(dr = 55 : 45)

Scheme 4-2-4-4

Bl )=V )77 —F2671Zx L, v 7R ULT I REHWT, o FHREMN
Sty % 3772 (Table 4-2-4-1), £7, 60 CTRIGEITHT2D, HHOYE ReA R

VB EAT S 269 135 SN o T(entry 1), BEESHICT, —HFHOrar Ly
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268 BUS LT ZBIRICHIST 28— 27 28 L1z, ZORRIE, ERE X DR
BEEPBNTOIZ, BB L TEIT L Z 2R L TW5, £ 2 TRIZ, &
SR LTz, A W AERT Lo ~DNTFNT I ERRSE B EIC, WInF
ELTE BB LY UEML A HWD Z & TEHBR I L D KRB EORRHELZ
Fiz(entry 2), LML, ZoOHE, EOSNTETES, EOo=/,—L ) 77 —h
267 ZWI LTz, £72, 7 u7T LFAERNS, Bocfri#s/izT I/ Ko7 v ko
ZITH & T, BHR WG OEREIFFL, KB T MY T AZHWTRERERD S %
AL, FRE U THMERIREY % 5 2 7 (entry 3),

Table 4-2-4-1
OTf Boc
B °© i
NHBoc ase NBoc N
THF
Mel Temp., Time Mel, Me pn
267 268 269
Entry Base Temp., Time Additive Result
1 Mg(TMP),-2LiCl 3 equiv rtto 60 °C, 3 h formation of dimer
Cul 1.0 equiv

2 Mg(TMP),-2LiCl 3 equiv rt, 3 h (S)-BINAP 1.0 equiv No reaction

NaH 1.1 equiv; 0°C, 40 min;  Cu(CH3CN)4BF,
3 Mg(TMP),-2LiCI 3 equiv 60 °C, 3 h 1.0 equiv No product

WIZ, BELTET 7 a7 L OUOT AT RFEITK LT Thorpe-Ingold #hRIZ L 2L 5R
JRFOESEEZHFL, 7 KD o (st 5 A FAEDEANE KA T (Scheme 4-2-4-
5% =/ =L U T7T7—1266IZ%L, LDA & I— KX X &RV, HEYD 270 Z LR

83% CTHE LIz, TDHDYT /ORI, 266 DiFEIT & <, DIBAL % W =FBRIC
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0°CETHIET DUEN DT, HEIZETLEMO- ), —L Y 75—k 271 2L

R 62% THHZ,
LDA 1.1 equiv DIBALH 1.5 equiv
oTf THF oTf CH,Cl, Et;N 1.2 equiv = Q1F
. 0 4 . o ) .
60 °C, 40 min; 0°C, 3.5h; - Boc,0 1.2 equiv NHBoc
CN " Mel 3.0 equiv CN' NaBH, 5.0 equiv.  CH,Cl,/ MeOH
Me THF Mel "Me  CH,Cl, / MeOH rt, 14 h Mel Me
Ph -60°C, 1h Ph rt, 2 h Ph
266 270 62% 271
83% (dr = 62 : 38)
(dr=65:35)

Scheme 4-2-4-5

B LT 271 iZxfL, w7 R U LT I RERHWT, 0 FWNREMINEIEL %2 A7
(Scheme 4-2-4-6), = DFER, ILE 13%TlEH L0, e kaAf > KU 273 #1537, =
i, v7a7 Lok T s 3 OOO0TATEIRED S b, KinDRFEITxH L CREEK
BERHEIT L2 TOBITH D, 708, ER LT 2731, Boc 250 71 /LR = LR F I %

L THREBRD 22,6,6-7 F T AFNAENY Y RBIMLIEHETH D Z & 2t L,

oTf 0
. ) N
Mg(TMP),-2LiCl 6.0 e
NHBoc  I(TMP)-2Li equw - NBoc ,\?/
THF
Me!l "Me 60 °C, 3.5h Me!l "Me

Ph Ph MePhMe
271 272 273: 13%

Scheme 4-2-4-6

WIZ, B FRNR2ISINBRILSOE 2D S L, “EEAGEAECETL2 / — b

V7T —RE2EK LT, 266 126 L CAFIVENEATET-MAEZSEX, VT KD
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a LIRS B T U VIO E A %370 72 (Scheme 4-2-4-7), < DfER:, BALT U V&K

HE LTHWAZ LT, BIIOREG "B r AT/ — L ) 75—k 274 2R

98% T1F72,
OTf OTf
LHMDS 1.1 equiv allyl bromide 3.0 equiv =
CN THF THF
MePh —-60 °C, 45 min 0°C,16h MePhCN
266 98% 274
(dr=74:26)

Scheme 4-2-4-7

BRLIE 2741/ L, 7RV T LT I FZ2HWT, 5FNR2IINBIEIIE 2 57
7-(Scheme 4-2-4-8), L2>L, HWD I BRMEEHRAEH TS 276 135 00T, by

T 277 YR 59% TR,

oTf Mg(TMP),-2LiCl P':C _
= 3.0 equiv AN j :
. — +
THF [ J\ \j
MePhCN 60°C,2h MePhCN MePhCN Me
274 275 276: Not observed. 277: 59%

Scheme 4-2-4-8

Z D 277 WK U T2 SOSEREIZLL T O X 91238 2 5115 (Scheme 4-2-4-9), T 72 b, &
T, 274 DT VAN TORT o b ODOBIZEKRT DT =4 L FE 278 IZOW T, AT
RLIEMY 79— FEOMBENK Z 5 &, BHrOL 7 a7 Ly 2758 BNEAETHN, Blo

B LE L TR CTRLE, afficy T /a2 BT 257 =4 F279 D BEET 2R EL &
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2 HND, 279 BEISRTICHFET D &, 275 O b OTATEATOREZEIZHT SR
BEATMBOERET L, P 27T SAERT 2 & L HIT, 279 AT H, LLEORERD
b, = /=) T7T7—=R274 3L, v T XU LT I REEHIED L, BZER o
MAZT T Va7 =4 F 279 BFEAET D 2 & TEHRAOUSDET 2 HT TV

5LHBTL, OWEEM S5 FNRISORIZ IS LT,

oTf -OTf oTf
_~ Base Y _ CN
)\/\ ¥
'Q Ph7O™>""Xx
Me! “CN Me ! “CN Me
Ph Ph 279 280
274 278
' NC
=
+
Mel >CN Ph/é\“/§§
Ph
Me
275 279
l 277: 59%
?CN
Mepp,
276

Scheme 4-2-4-9

WIZ, ZAF L AL D0 FHTOMIRICEE LTERREBEIL, ATF L= iigE e
THE) =NV NI 77— DEREDS LIz, 72k, 7 /EKOEAEZRT L0, &
FRACITA BSOS FNT KD LAAINBOS 2R Uz, ARSI OG0 FR Bz 22 70 Rl
TR 2841F, 7 == AR w R8N A WD R T VX L 282 ~DT Y — Ak L

Appel BOSIZ &0 A A% L 72 (Scheme 4-2-4-10),
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PhB(OH), PPh3 1.2 equiv

AcOH 20 mol% imidazole 2.0 equiv
281 Pd(PPhs), 3 mol% /JL\//«\V/ CBry 1.2 equiv
+ > OH Jk/\/m
1,4-dioxane Ph CH,Cl, Ph
= ToH goec,20n 283 0°Ctort, 1.5h 284
H 282
61% 69%

Scheme 4-2-4-10

Iz, ARESEISANZ KD 1LAAHINOE Z #i5d L 72 (Scheme 4-2-4-11), A RS SUSH] D
BT, Krout b OEATHIZES A2 2B ICEN LTz, T72b5H, DMA F CHMHEEHEH
285 ~E LWL 7=DBIT, VT MM L VEI~ T AR F N EE D Z L TER
L7z, i U 72O 2 M5 LA SIEH| T L, o ) —ro
— 7V 286 & RAFIRINER TR, 7ok, B LT 286 1Z U BTN T Lo w~ NTT
T4 —IE o THRT DL, 7 ho~EfE LTIz, IROOGIZIE 285 IZHEKT 57
g kAR 287 L DIREWMEZTOEEANE, BEIC, ATFNVYFULICED 286 005
BT/ =1 D M) 7V fbZEITW, BRIOZ ) —/L U 77— 288 % 2 Tf2

45% T157-,
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0]

@ 1.0 equiv
Me

Zn 2.0 equiv CuCN 236 OTMS
I, 10 mol% 0.5 equiv. TMSCI 2.4 equiv
_ > Ph
Br ZnBr
Ph DMA Ph DMA DMA
° ° i rt,3h
284 80°C,3h 285 0°C, 10 min Me
1.5 equiv ca. 75% 286
+
JJ\/\/H
Ph
287

MelLi 1.4 equiv
oTf THF

0 °C, 45 min;

Ph
TMEDA 5.0 equiv
Me PhNTf, 1.4 equiv
THF
288 0°C,15h

45% (over 2 steps)

Scheme 4-2-4-11

B®ZIZ, ARLT- 288 1Cxt L, 7 XL VAT I REHAWT, o FNRRIMSINEBRILEES
% A 72 (Scheme 4-2-4-12), THF g S/ 5, =/ —/L F U 75— | 288

K LTZb 00, BEYOFIAE 290 13EHI S e h o T,

OTf
Mg(TMP),-2LiCl 5.0 equiv Ph
PR
THF
Me reflux, 4 h Me Me
288 289 290: No product
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4-3. #E

ARETIE, REICEBRLZEATDHI LT, KT NVTF= L THEITL T v 7 X
VULERT I RIZEDAM T e bk, TUAITHEITSE D Z EICEEI LTz, 7 e
N OfrEAFIET 5 2 & T, BAEBREFIN DN T a7 L R EROFHEIE AL
BRI LTce 7T SN OBREEALICEHIE A | DBAT 5 &, v 7a T Lo gEn s
sk oHEEE EHIZHAEL, HWDHIKIZ K > THRAELN R DA Z25T,
SHICEBELY 2 DHAT D L, SHICVRREEIC X D2RNBEE BN, 2T Y
NI 7 2 S U HEIT L, 7 v 7 L RRIENIZIEE&ECRAE LT, ATiE
THELLLYZaT LUAL, 4R)1ET TR, AFLoroe=terbtopRRBLIT
B2 B LRI X D b ATRE T o 72, £z, T HBUS COMIRIC L 54/
DEMEOREIZER L, 0 FARKISIC LDy 7 a7 L Ofite bl ie, [4+2] N8R
{EROSIE X DI NEE T - 720y, EFRFEA ORBEBEIC L SHHEIE, Thorpe-Ingold
REMMT 52 & TERTE 2, S FHNRL2IMIBERIS OB TIE, v 7u7 Ly
DOTALRBIIHRT D, afflly T ) EBE2HTLT =4 ORBEEENET LTz, K
HRIZEY, =/ =N )T T — O IFLCEREZEATHZLT, v /r7Lro
R 7 2 b U BIRAENTIRE L e o 7o, ZORAEEEIFD L, 5 FNRISORR T,
3N SRR B A AN L ) — LV N 75— hOGERTEEBIZ, v rrT

Lo MWD BT FBLT 2720 Do UG 2 3 2 L TE T,
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4-4. REH

General

Analytical thin layer chromatography (TLC) was performed on Merck 60 F2s4 aluminum sheets
precoated with a 0.25 mm thickness of silica gel. Optical rotations were measured on a HORIBA
SEPA-300 polarimeter. Melting points (m.p.) were measured on a Yanaco MP-J3 and are
uncorrected. Infrared (IR) spectra were recorded on a Bruker Alpha with an ATR attachment (Ge)
and are reported in wave numbers (cm™!). 'H NMR (400 MHz), 1*C NMR (100 MHz), and °F
NMR (376 MHz) spectra were measured on a JEOL ECZ400 spectrometer. Chemical shifts for
'H NMR are reported in parts per million (ppm) downfield from tetramethylsilane with the solvent
resonance as the internal standard (CHCIs: 8 7.26 ppm) and coupling constants are in Hertz (Hz).
The following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, and br = broad. Chemical shifts for *C NMR are reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard (CDCls: 6 77.16 ppm).
Chemical shifts for ’F NMR are reported in ppm from CFCl; where CFs (5 —164.9 ppm) was
used as the internal standard. High-resolution mass spectra (HRMS) were performed on a JEOL
JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL MS-5414DART attachment or a JEOL JMS-
T200GCV AccuTOF GCx (DEI: desorption EI). Elemental analyses were performed on an Exeter

Analytical, Inc. elemental analyzer CE-440.

Materials

Unless otherwise stated, all reactions were conducted in flame-dried glassware under an inert
atmosphere of argon. All work-up and purification procedures were carried out with reagent
solvents in air. Unless otherwise noted, materials were obtained from commercial suppliers and

used without further purification. Flash column chromatography was performed on Wakogel® C-
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300 (45-75 pum, Wako Pure Chemical Industries, Ltd.). Recycling preparative SEC-HPLC was
performed with LC-9201 (Japan Analytical Industry Co., Ltd.) equipped with preparative SEC
column (JAI-GEL-2H). Anhydrous THF was purchased from Wako Pure Chemical Industries,

Ltd.

Preparation of Cyclic Enol Triflate.

3-Methylcyclohex-1-en-1-yl trifluoromethanesulfonate (230).

A flame-dried two-necked 500-mL flat-bottomed flask equipped with a Teflon-coated magnetic
stirring bar and a rubber septum was charged with copper(I) iodide (1.90 g, 10 mmol) and
anhydrous diethyl ether (10 mL). After the resulting suspension was cooled to 0 °C, methyllithium
(3.0 M in diethoxymethane, 6.7 mL, 20 mmol) was added dropwise over 3 min. The pale yellow
solution was stirred for 30 min, at which time it was cooled to —78 °C. To the solution was added
2-cyclohexen-1-one (84: 0.96 mL, 10 mmol) in THF (10 mL) dropwise over 3 min, and the
resulting solution was stirred at —78 °C for 2 h and 0 °C for 2 h. N-phenyl-
bis(trifluoromethanesulfonimide) (3.76 g, 10.5 mmol) in THF (21 mL) was added via cannula,
and the reaction mixture was stirred at 0 °C for 3 h and room temperature for 2 h. The reaction
was quenched with saturated aqueous ammonium chloride and diluted with hexane. After phase
separation, and the aqueous layer was extracted with hexane three times. The combined organic
extracts were washed with brine, dried over anhydrous magnesium sulfate, and filtered. The
filtrate was concentrated under reduced pressure to give a crude material, which was purified by
silica gel column chromatography (hexane) to afford the corresponding enol triflate 230 (1.17 g,
4.79 mmol, 48%) as a colorless oil. R;= 0.22 (hexane); IR (ATR, cm™): 2936, 2873, 1416, 1244,
1205, 1142, 978, 958, 882, 810, 609; '"H NMR (400 MHz, CDCl5): § 5.62 (m, 1H), 2.47-2.21 (m,

3H), 1.93-1.83 (m, 1H), 1.82-1.62 (m, 2H), 1.23-1.12 (m, 1H), 1.05 (d, 3H, J= 6.8 Hz); *C NMR
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(100 MHz, CDCl5): & 149.3, 124.2, 118.7 (q, 'Jcr = 318 Hz), 30.0, 29.8, 27.6, 21.5, 21.0; °F
NMR (376 MHz, CDCls): 6 —77.0; HRMS (DARTY) m/z: caled. for CsHi2F30sS, 245.0459

[M+H]"; found, 245.0448.

3,3-Dimethylcyclohex-1-en-1-yl trifluoromethanesulfonate (237).

A flame-dried 100-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with copper(I) iodide (2.82 g, 14.8 mmol) and anhydrous diethyl ether
(15 mL). After the resulting suspension was cooled to 0 °C, methyllithium (3.0 M in
diethoxymethane, 9.9 mL, 29.7 mmol) was added dropwise over 4 min. The pale yellow solution
was stirred for 30 min, at which time it was cooled to —78 °C. To the solution was added 3-methyl-
2-cyclohexen-1-one (236: 1.68 mL, 14.8 mmol) in THF (15 mL) dropwise over 10 min, and the
resulting solution was stirred at —78 °C for 1.5 h and 0 °C for 2.5 h. N-phenyl-
bis(trifluoromethanesulfonimide) (5.57 g, 15.5 mmol) in THF (21 mL) was added, and the
reaction mixture was allowed to warm to room temperature for 4 h. The reaction was quenched
with saturated aqueous ammonium chloride and diluted with hexane. After phase separation, and
the aqueous layer was extracted with hexane three times. The combined organic extracts were
washed with 1 N aqueous sodium hydroxide and brine, dried over anhydrous sodium sulfate, and
filtered. The filtrate was concentrated under reduced pressure to give a crude material, which was
purified by silica gel column chromatography (hexane) to afford the corresponding enol triflate
237(2.03 g, 7.86 mmol, 53%) as a colorless oil. Ry = 0.22 (hexane); IR (ATR, cm™): 2961, 2871,
1417, 1245, 1142, 1025, 952, 880, 849, 608; 'H NMR (400 MHz, CDCls): § 5.51 (s, 1H), 2.27
(td, 2H, J = 6.4, 1.6 Hz), 1.79 (tt, 2H, J = 6.4, 6.0 Hz), 1.45-1.40 (m, 2H), 1.06 (s, 6H); *C NMR
(100 MHz, CDCls): 6 148.4, 128.1, 118.7 (q, YJcr = 318 Hz), 36.0, 33.1, 29.3, 27.7, 19.9; F

NMR (376 MHz, CDCls): & —76.9; HRMS (DART") m/z: calcd. for CoH14F303S, 259.0616
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[M+H]*; found, 259.0607.

[4+2] Cycloaddition with 1,3-Diphenylisobenzofuran (58) and Enol Triflate 230.

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 230 (146.5 mg, 0.600 mmol), 1,3-
diphenylisobenzofuran (58) (246 mg, 0.91 mmol), and anhydrous THF (2.3 mL). To the mixture
was added Mg(TMP),-2LiClI (0.305 M, 5.9 mL, 1.8 mmol, 3.0 equiv) at room temperature. After
stirring at 60 °C for 3 h, the reaction mixture was treated with saturated aqueous ammonium
chloride. The resulting mixture was extracted twice with diethyl ether (2 mL). The combined
organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure to give a crude material, which was purified by silica gel
column chromatography (hexane/CH,Cl, = 5:1 to 1:1, gradient) to afford a mixture of
cycloadducts with cyclohexyne (233: 38%) and 1,2-cyclohexadiene (234: 35%). The yields of
cycloadducts 233 and 234 were determined by '"H NMR analysis using 1,1,2,2-tetrachloroethane
(50.2 mg, 0.299 mmol) as an internal standard by comparing relative values of integration for the
peaks observed at 0.73 ppm and 0.60 ppm (233: 3 protons) and 5.74-5.45 ppm (234: 1 proton)
with that of 1,1,2,2-tetrachloroethane observed at 5.96 ppm. Cycloadducts endo-233 and exo-234
were prepared by the same reaction of 6-methylcyclohex-1-en-1-yl trifluoromethanesulfonate and

isobenzofuran 58.

Mixture of cycloadducts 234 from cycloallene with 1,3-diphenylisobenzofuran (58).
The title compound was obtained as a green amorphous in 35% yield determined by *H NMR
analysis from 230 (146.5 mg, 0.600 mmol) according to the above procedure. IR (ATR, cm™):

2931, 2853, 1452, 1339, 997, 745, 702, 633; HRMS (DART") m/z: calcd. for C27H250, 365.1905
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[M+H]*; found, 365.1896.

1-Methyl-9,10-diphenyl-1,2,3,4,9,10-hexahydro-9,10-epoxyanthracene (233).

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with 6-methylcyclohex-1-en-1-yl trifluoromethanesulfonate (235:
73.0 mg, 0.299 mmol), 1,3-diphenylisobenzofuran (58) (121.1 mg, 0.45 mmol), and anhydrous
THF (0.9 mL). To the mixture was added Mg(TMP),-2LiCl (0.233 M, 3.86 mL, 0.90 mmol, 3.0
equiv) at —78 °C. After stirring at room temperature for 3 h, the reaction mixture was treated with
saturated aqueous ammonium chloride. The resulting mixture was extracted with diethyl ether (2
mL) three times. The combined organic extracts were dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced pressure to give a crude material, which was
purified by silica gel column chromatography (hexane/dichloromethane = 5:1 to 1:1, gradient) to
afford the title compound (78.1 mg, 0.214 mmol, 72%, 3:2 diastereomeric mixture) as a pale green
solid. R;= 0.15-0.10 (hexane/CH,Cl, = 5:1); IR (ATR, cm™"): 2931, 2869, 1451, 1307, 998, 909,
745,733, 702; '"H NMR (400 MHz, CDCls): & 7.88-7.79 (m, 2H), 7.75-7.70 (m, 1H), 7.68-7.63
(m, 1H), 7.55-7.31 (m, 7H), 7.24-7.15 (m, 1H), 7.05-6.91 (m, 2H), 2.88-2.76 (m, 0.6H), 2.53—
2.43 (m, 0.4H), 2.32-2.21 (m, 1H), 2.06—1.88 (m, 1H), 1.82-1.70 (m, 0.6H), 1.66—1.55 (m, 2H),
1.44-1.32 (m, 0.8H), 1.11-1.01 (m, 0.6H), 0.73 (d, 1.8H, J = 6.8 Hz), 0.60 (d, 1.2H, J = 7.2 Hz);
3C NMR (100 MHz, CDCl5): & 153.9, 153.1, 152.7, 152.1, 151.7, 151.5, 149.7, 136.7, 135.8,
135.6, 135.5, 128.9, 128.7, 128.5, 128.44, 128.41, 127.73, 127.66, 127.5, 126.4, 126.1, 125.3,
124.74, 124.68, 124.5, 120.9, 119.2, 118.93, 118.89, 93.2, 92.01, 91.98, 91.6, 31.7, 30.6, 29.5,
27.1, 24.2, 24.0, 20.5, 19.3, 18.3, 17.4; HRMS (DART") m/z: caled. for C27H,s0, 365.1905

[M+H]'; found, 365.1899.
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[4+2] Cycloaddition with 1,3-Diphenylisobenzofuran and Enol Triflate 237.

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 237 (77.2 mg, 0.299 mmol), 1,3-
diphenylisobenzofuran (58) (123.6 mg, 0.457 mmol), and anhydrous THF (1.27 mL). To the
mixture was added Mg(Ni-Pr2).-2LiCl (0.319 M, 2.81 mL, 0.897 mmol, 3.0 equiv) at room
temperature. After stirring at 60 °C for 3 h, the reaction mixture was treated with saturated aqueous
ammonium chloride. The resulting mixture was extracted with diethyl ether (2 mL) twice. The
combined organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure to give a crude material. The yields of cycloadducts 240,
241 were determined by *H NMR analysis using 1,1,2,2-tetrachloroethane (37.8 mg, 0.225 mmol)
as an internal standard by comparing relative values of integration for the peaks observed at 5.70—
5.66 ppm (endo) and 5.66-5.61 ppm (exo) (240: 1 proton), and 5.38 ppm (endo) and 5.32-5.30
ppm (exo) (241: 1 proton) with that of 1,1,2,2-tetrachloroethane observed at 5.96 ppm. Silica gel
chromatography (hexane/CH:Cl, = 5:1 to 1:1, gradient) of the crude material provided

analytically pure exo-240 (16%), ex0-241 (15%), and a mixture of endo-240 and endo-241.

Structure elucidation of four regio- and sterecisomers.

We identified the structure of the four cycloadducts by *H NMR spectra, according to the
Guitian’s report.*?® The regioisomers 240 and 241 were determined by their coupling pattern of
the alkenyl proton (240: multiplet, 241: doublet). In addition, the exo/endo stereochemistry was
determined by chemical shifts of the allylic methine proton. Guitian reported that the chemical
shifts of the allylic methine proton of the cycloadducts with 1,2-cyclohexadiene (106) and
isobenzofuran 58 was observed at 3.05 ppm (endo) and 2.52 ppm (exo). They also determined the

structure of endo-isomer absolutely by X-ray crystallography. In this case, the peaks of methine
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proton of 240 were observed at 3.32-3.27 ppm and 2.61-2.56 ppm. We assigned the former one

is endo-isomer and the latter one is exo-isomer by comparing these chemical shifts.

rac-(9R,9aS,10R)-1,1-Dimethyl-9,10-diphenyl-1,2,3,9,9a,10-hexahydro-9,10-
epoxyanthracene (exo-240).

The title compound was obtained as a white solid in 16% yield (18.6 mg, 0.049 mmol) from enol
triflate 237 (0.299 mmol) according to the above procedure. Rs = 0.19 (hexane/CH,Cl, = 5:1);
M.p. 149-152 °C; IR (ATR, cm™): 2917, 2871, 1448, 1017, 979, 741, 704, 644, 555; *H NMR
(400 MHz, CDCl5): & 7.87-7.83 (m, 2H), 7.82-7.77 (m, 2H), 7.55 (t, 2H, J = 7.6 Hz), 7.48 (t, 2H,
J =7.6 Hz), 7.46-7.41 (m, 2H), 7.38-7.34 (m, 2H), 7.20-7.11 (m, 2H), 5.66-5.61 (m, 1H), 2.61-
2.56 (M, 1H), 2.12-2.01 (m, 1H), 1.99-1.84 (m, 1H), 1.39-1.28 (m, 1H), 1.18-1.14 (m, 1H), 0.78
(s,3H), 0.64 (s, 3H); 3C NMR (100 MHz, CDCls): & 150.1, 145.2, 139.9, 137.8, 136.8, 128.5,
127.7,127.5,127.32,127.27,126.8, 126.6, 126.2, 119.6, 118.5, 118.3, 89.1, 88.6, 56.4, 38.9, 33.9,

31.0, 23.2, 18.5; HRMS (DART™) m/z: calcd. for CzsH270, 379.2062 [M+H]*; found, 379.2044.

rac-(95,9aR,10S)-3,3-Dimethyl-9,10-diphenyl-1,2,3,9,9a,10-hexahydro-9,10-
epoxyanthracene (exo-241).

The title compound was obtained as a white solid in 15% yield (16.9 mg, 0.045 mmol) from enol
triflate 237 (0.299 mmol) according to the above procedure. Rs = 0.15 (hexane/CH,Cl, = 5:1);
M.p. 101-104 °C; IR (ATR, cm™): 2954, 2930, 2860, 1457, 1449, 1211, 1020, 872, 739, 702,
666; 'H NMR (400 MHz, CDCls): 6 7.77-7.72 (m, 2H), 7.70-7.64 (m, 2H), 7.58-7.47 (m, 4H),
7.45-7.35 (m, 2H), 7.31-7.26 (m, 1H), 7.18-7.10 (m, 3H), 5.31 (d, 1H, J = 1.2 Hz), 2.57-2.50 (m,
1H), 1.71-1.62 (m, 1H), 1.37-1.23 (m, 3H), 0.97 (s, 3H), 0.77 (s, 3H);*3C NMR (100 MHz,

CDCls): 6 150.2, 144.7,139.9, 137.1, 136.3, 128.8, 128.5, 127.5, 127.3, 126.9, 126.6, 126.1, 125.9,
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120.1, 117.8, 89.7, 88,8, 48.5, 37.8, 33.0, 31.1, 30.1, 24.6; HRMS (DART") m/z: calcd. for

C2sH270, 379.2062 [M+H]"; found, 379.2061.

rac-(9R,9aR,10R)-1,1-Dimethyl-9,10-diphenyl-1,2,3,9,9a,10-hexahydro-9,10-
epoxyanthracene (endo-240),
rac-(98,9a8,105)-3,3-Dimethyl-9,10-diphenyl-1,2,3,9,9a,10-hexahydro-9,10-
epoxyanthracene (endo-241).

The title compounds were obtained as a pale green solid in 62% yield (240/241 = 36:26) (71.0
mg, 0.187 mmol) from enol triflate 237 (0.299 mmol) according to the above procedure. Ry = 0.27
(241), 0.24 (240) (hexane/CH,Cl, = 1:1); M.p. 124-132 °C; IR (ATR, cmY): 2953, 2931, 1455,
1355, 1303, 988, 904, 753, 700, 562; *H NMR (400 MHz, CDCls): & 8.00-7.93 (m, 2H), 7.91-
7.81 (m, 4H), 7.74-7.67 (m, 2H), 7.62-7.57 (m, 1H), 7.52-7.34 (m, 12H), 7.29-7.16 (m, 5H), 7.16-
7.08 (m, 2H), 5.70-5.66 (m, 1H), 5.38 (brs, 1H), 3.32-3.26 (m, 1H), 3.11-3.02 (m, 1H), 2.20-2.02
(m, 2H), 1.91-1.77 (m, 1H), 1.59-1.41 (m, 3H), 1.21-1.13 (m, 1H), 1.05 (s, 3H), 0.98 (s, 3H),
0.66-0.56 (m, 1H), 0.55 (s, 3H), 0.08 (s, 3H); 13C NMR (100 MHz, CDCls): & 148.6, 148.5, 144.5,
143.8, 142.10, 142.05, 138.2, 138.0 135.4, 134.9, 130.8, 129.0, 128.8, 128.6, 128.52, 128.46,
128.4, 128.2, 128.1, 127.3, 127.1, 127.0, 125.9, 125.7, 123.8, 121.5, 118.7, 118.3, 118.0, 90.5,
90.4, 89.9, 89.4, 58.0, 49.1, 39.8, 37.8, 33.6, 32.7, 31.1, 30.7, 29.4, 24.6, 23.9, 19.2; HRMS

(DART™) m/z: calcd. for CasH270, 379.2062 [M+H]*; found, 379.2055.

[2+2] Cycloaddition with Styrene (244) and Enol Triflate 237.
A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 237 (79.8 mg, 0.309 mmol), styrene (244: 106 uL,

0.93 mmol), and anhydrous THF (1.3 mL). To the mixture was added Mg(TMP),-2LiCl (0.293
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M, 3.16 mL, 0.93 mmol) at room temperature. After stirring at 60 °C for 5 h, the reaction mixture
was treated with saturated aqueous ammonium chloride. The resulting mixture was extracted with
diethyl ether (2 mL) twice. The combined organic extracts were washed with brine, dried over
sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude
material, which was purified by silica gel column chromatography (hexane) to afford 245 and 246

(53.7 mg, 0.253 mmol, 82%) as a colorless oil.

Structure elucidation of four regio- and sterecisomers.

The structure of the four cycloadducts was identified by *H NMR spectra, according to the
previous report by Moore and Moser %% that describes the reaction of non-substituted 1,2-
cyclohexadiene (106) and styrene (244). First, two regioisomers 245 and 246 were identified by
their coupling pattern of the alkenyl proton. Both exo0-245 and endo-246 have each singlet signal
corresponding to the alkenyl proton, whereas ex0-246 and endo-246 have a multiplet signal in the
olefinic region. The exo/endo stereochemistry was determined by chemical shifts of the benzylic
proton; the endo isomers have signals at 6 3.90 and 3.65 ppm (ddd). The downfield chemical
shifts are attributed to the deshielding effects of the carbon—carbon double bond. The ratio of exo

isomers and endo isomers was 1.7:1.0.

3,3-Dimethyl-7-phenylbicyclo[4.2.0]oct-1-ene (245) and 5,5-Dimethyl-7-phenylbicyclo[4.2.0]
oct-1-ene (246).

R¢ = 0.50, 0.60 (hexane); IR (ATR, cm™): 3027, 2953, 2921, 2863, 1495, 1452, 1361, 745, 697;
IH NMR (400 MHz, CDCls): § 7.34-7.14 (m, 5H), 5.38-5.30 (m, 0.15H (endo-245)+0.30H (exo-
246)), 5.17 (brs, 0.21H (endo-245)), 5.14 (brs, 0.34H (ex0-245)), 3.89 (ddd, 0.15H, J = 9.6, 9.6,

3.2 Hz (endo-246)), 3.64 (ddd, 0.21H, J = 9.6, 9.6, 2.4 Hz (endo-245)), 3.30-2.69 (m, 3.6H), 2.10-
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1.86 (m, 1.3H), 1.55-0.64 (m, 2.7H), 1.02, 1.00, 0.97 (s, 3H), 0.92, 0.89, 0.85 (s, 3H); HRMS

(DART™) m/z: calcd. for Ci6H21, 213.1643 [M+H]"; found, 213.1636.

[3+2] Cycloaddition with Nitrone 169 and Enol Triflate 237.

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 237 (129 mg, 0.499 mmol), nitrone 169 (179 mg,
1.01 mmol), and anhydrous THF (2.1 mL). To the mixture was added Mg(TMP),-2LiCl (0.312
M, 6.4 mL, 2.0 mmol) at room temperature. After stirring at 60 °C for 5 h, the reaction mixture
was treated with saturated aqueous ammonium chloride. The resulting mixture was extracted with
diethyl ether (2 mL) twice. The combined organic extracts were washed with brine, dried over
sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude
material, which was purified by silica gel column chromatography (hexane/ethyl acetate = 9:1) to
afford 252, 253 and unidentified exo isomers (81.4 mg, 0.285 mmol, 57%) as a brown oil. The
ratio of endo and exo-isomers was determined by *H NMR analysis by comparing relative values

of integration for the peaks observed at 4.33—4.12 ppm.

rac-(3S,7aS)-2-(tert-Butyl)-7,7-dimethyl-3-phenyl-2,3,5,6,7,7a-hexahydrobenzo[d]isoxazole
(endo-252),

rac-(3R,7aR)-2-(tert-Butyl)-5,5-dimethyl-3-phenyl-2,3,5,6,7,7a-hexahydrobenzo[d]isoxazole
(endo-253).

Rt = 0.3-0.4 (hexane/ethyl acetate = 9:1); IR (ATR, cm™): 2956, 2927, 2866, 1454, 1362, 1222,
1084, 703; *H NMR (400 MHz, CDCl3): § 7.50-7.44 (m, 2H), 7.33-7.26 (m, 2H), 7.24-7.18 (m,
1H), 5.31-5.26 (m, 0.44H (endo-252)), 5.12 (d, 0.56H, J = 1.2 Hz (endo-253)), 4.49 (brs, 0.56H

(endo-253)), 4.48-4.45 (m, 0.44H (endo-252)), 4.33-4.27 (m, 0.56H (endo-253)), 4.16-4.12 (m,
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0.44H (endo-252)), 2.09-1.20 (m, 4H), 1.13 (s, 1.3H (endo-252)), 1.07 (s, 4.9H (endo-253)), 1.06
(s, 4.0H (endo-252)), 0.98 (s, 1.7H (endo-253)), 0.90 (s, 1.7H (endo-253)), 0.82 (s, 1.3H (endo-

252)); HRMS (DART*) m/z: calcd. for C1oH2sNO, 286.2171 [M+H]*; found, 286.2167.

Intramolecular reaction with cycloallenes.

2-(2-(5-Methoxyfuran-2-yl)phenyl)acetonitrile (261).

A flame-dried 50-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with 2-methoxyfuran (259: 0.43 mL, 4.6 mmol) and anhydrous THF
(2.8 mL). After the resulting suspension was cooled to —78 °C, r-butyllithium (1.55 M, 3.0 mL,
4.6 mmol) was added dropwise over 5 min. The resulting solution was stirred at room temperature
for 10 min, at which time it was cooled to 0 °C. To the solution was added ZnCl,- TMEDA (1.19
g, 4.6 mmol) in THF (13 mL) dropwise over 7 min, and the resulting solution was stirred at room
temperature for 30 min. To the solution was added (2-bromophenyl)acetonitrile (260: 0.51 mL,
3.9 mmol) and Pd(PPhs)4 (225 mg, 0.195 mmol) in THF, and the reaction mixture was stirred at
reflux for 21 h. The reaction was quenched with saturated aqueous ammonium chloride and
diluted with diethyl ether. After phase separation, and the aqueous layer was extracted twice with
diethyl ether. The combined organic extracts were washed with brine, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude
material, which was purified by silica gel column chromatography (hexane/diethyl ether = 9:1 to
1:1) to afford the corresponding furan 261 (270 mg, 1.27 mmol, 32%). Ry= 0.34 (hexane/diethyl

ether = 1:1).

3-(Cyano(2-(5-methoxyfuran-2-yl)phenyl)methyl)-3-methylcyclohex-1-en-1-yl

trifluoromethanesulfonate (262).
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A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with starting nitrile (254 mg, 1.19 mmol) and anhydrous THF (4.7
mL). After the resulting solution was cooled to —60 °C, LHMDS (1.2 M in THF, 1.04 mL, 1.25
mmol) was added dropwise. The solution was stirred for 1 h, at which time to the solution was
added 3-methyl-2-cyclohexen-1-one (149 pL, 1.31 mmol) in THF (2.6 mL) dropwise, and the
resulting solution was stirred at —60 °C for 3 h. N,N-bis(trifluoromethylsulfonyl)-5-chloro-2-
pyridylamine (541 mg, 1.31 mmol) in THF (1.5 mL) was added dropwise, and the reaction
mixture was stirred at 0 °C for 3 h. The reaction was quenched with saturated aqueous ammonium
chloride and diluted with diethyl ether. After phase separation, and the aqueous layer was
extracted twice with diethyl ether. The combined organic extracts were washed with brine, dried
over sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a
crude material, which was purified by silica gel column chromatography (hexane/diethyl ether =
9:1 to 5:1) to afford the corresponding enol triflate 262 (394 mg, dr = 3:1, 0.87 mmol, 73%) as a
yellow oil. Rf = 0.34 (hexane/methyl acetate = 5:1); IR (ATR, cm™): 2953, 2238, 1739, 1685,
1579, 1417, 1209, 1142, 1031, 887, 761, 608; *H NMR (400 MHz, CDCls): § 7.60-7.53 (m, 1H),
7.47-7.41 (m, 1H), 7.39-7.30 (m, 2H), 6.40 (d, 1H, J = 3.6 Hz), 5.57 (s, 0.75H), 5.29 (d, 0.75H,
J =3.6 Hz), 5.26-5.24 (d+s (overlapping), 0.25+0.25H), 5.04 (s, 0.25H), 4.96 (s, 0.75H), 3.91 (s,
2.25H), 3.89 (s, 0.75H), 2.28-2.08 (m, 2H), 1.84-1.55 (m, 3H), 1.51-1.37 (m, 1H), 1.22 (s,
0.75H), 1.11 (s, 2.25H); *C NMR (100 MHz, CDCls): 6 161.9, 161.8, 150.4, 150.0, 143.2, 131.1,
130.8, 130.6, 129.2, 128.9, 128.5, 127.8, 127.7, 123.0, 122.4, 120.3, 118.55 (major diastereomer:
q, Jer = 319 Hz), 120.08, 110.94, 110.88, 81.8, 81.7, 58.1, 58.0, 43.0, 42.6, 41.2, 40.8, 32.7,
31.6, 27.4, 27.3, 25.14, 25.09, 19.1, 18.9; *F NMR (376 MHz, CDCls): 6 -76.9, —77.2; HRMS

(DART") m/z: calcd. for C21H2:F3NOsS, 456.1093 [M+H]*; found, 456.1095.
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3-(Cyano(phenyl)methyl)-3-methylcyclohex-1-en-1-yl trifluoromethanesulfonate (266).

A flame-dried two-necked 100-mL Schlenk tube equipped with a Teflon-coated magnetic stirring
bar and a rubber septum was charged with phenylacetonitrile (265: 1.15 mL, 10 mmol) and
anhydrous THF (20 mL). After the resulting solution was cooled to —60 °C, LHMDS (1.0 M in
THF, 10.5 mL, 11 mmol) was added dropwise. The solution was stirred for 1 h, at which time to
the solution was added 3-methyl-2-cyclohexen-1-one (236: 1.25 mL, 11 mmol) in THF (11 mL)
dropwise, and the resulting solution was stired at -60 °C for 3 h. N-
phenylbis(trifluoromethanesulfonimide) (3.93 g, 11 mmol) in THF (9 mL) was added dropwise,
and the reaction mixture was stirred at 0 °C for 2 h. The reaction was quenched with saturated
aqueous ammonium chloride and diluted with diethyl ether. After phase separation, and the
aqueous layer was extracted twice with diethyl ether. The combined organic extracts were washed
with 1 N aqueous sodium hydroxide three times and brine, dried over sodium sulfate, and filtered.
The filtrate was concentrated under reduced pressure to give a crude material, which was purified
by silica gel column chromatography (hexane/diethyl ether = 9:1 to 5:1) to afford the
corresponding enol triflate 266 (3.55 g, dr = 55:45, 9.9 mmol, 99%) as a colorless oil, which
solidified on standing in a refrigerator. R, = 0.12 (hexane/diethyl ether = 9:1); IR (ATR, cm™):
2939,2240, 1418, 1208, 1142, 1027, 962, 892, 703; 'H NMR (400 MHz, CDCl5): § 7.43-7.36 (m,
3H), 7.32-7.27 (m, 2H), 5.78 (s, 0.45H), 5.39 (s, 0.55H), 3.78 (s, 0.45H), 3.77 (s, 0.55H), 2.34—
2.26 (m, 2H), 1.89-1.57 (m, 3.55H), 1.48-1.40 (m, 0.45H), 1.21 (s, 3H); '*C NMR (100 MHz,
CDCl3): 6 150.6, 150.3, 131.6, 131.5, 129.6, 129.5, 128.8, 123.5, 123.2, 122.9, 119.4, 119.2,
118.55 (q, Jcr = 318 Hz), 118.48 (q, 'Jcr = 318 Hz), 48.2, 48.0, 40.2, 40.1, 32.9, 31.5, 27.45,
27.42,24.7,24.2,19.04, 18.99; F NMR (376 MHz, CDCls): § —76.9, —77.2; HRMS (DART")

m/z: caled. for C1¢Hi7F3NOsS, 360.0881 [M+H]*; found, 360.0889.
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3-(1-((tert-Butoxycarbonyl)amino)-1-phenylethyl)-3-methylcyclohex-1-en-1-yl
trifluoromethanesulfonate (267).

A flame-dried 200-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar,
a rubber septum and a Fukuyama three-way stopcock was charged with starting nitrile 266 (1.20
g, 3.3 mmol) and anhydrous dichloromethane (33 mL). After the resulting solution was cooled to
—78 °C, DIBAL (1.0 M in hexane, 4.3 mL, 4.3 mmol) was added dropwise over 6 min. The
solution was stirred for 2 h, at which time to the solution was added sodium borohydride (0.37 g,
9.9 mmol) and anhydrous methanol (12 mL), and the resulting solution was stirred at room
temperature for 1 h. Triethylamine (0.56 mL, 4.0 mmol) and di-fert-butyl dicarbonate (0.89 g, 4.0
mmol) was added, and the reaction mixture was stirred at room temperature for 24 h. The reaction
was quenched with 1 M aqueous sodium hydroxide and diluted with H,O. After phase separation,
the aqueous layer was extracted with dichloromethane two times. The combined organic extracts
were washed with brine, dried over sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane/diethyl ether = 4:1) to afford the corresponding enol triflate 267 (1.15 g,
dr = 55:45, 2.47 mmol, 75%) as a colorless oil. Ry=0.19 (hexane/diethyl ether = 4:1); IR (ATR,
cm'): 2973, 1712, 1507, 1416, 1246, 1209, 1143, 1022, 878, 852, 704; 'H NMR (400 MHz,
CDCl3): 6 7.38-7.26 (m, 3H), 7.20-7.13 (m, 2H), 5.72 (s, 0.45H), 5.45 (s, 0.55H), 4,19 (brs, 1H),
3.86-3.70 (m, 1H), 3,43-3.28 (m, 1H), 2.83-2.70 (m, 1H), 2.34-2.16 (m, 2H), 1.90-1.54 (m, 4H),
1.36 (s, 9H), 1.05 (s, 1.65H), 0.96 (s, 1.35H); '*C NMR (100 MHz, CDCls): & 155.9, 149.2, 149.0,
138.8, 138.5, 129.6, 128.6, 128.5, 127.4, 125.9, 124.8, 118.59 (q, 'Jcr = 318 Hz), 118.54 (q, Jcr
=318 Hz), 79.4, 40.7, 40.5, 39.2, 38.8, 32.6, 31.9, 28.4, 27.5, 25.6, 24.9, 19.4, 19.3; F NMR
(376 MHz, CDCl3): 6 —77.1, —77.3; HRMS (DART") m/z: caled. for C21Hx»F3NOsS, 464.1719

[M+H]*; found, 464.1739.
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3-(1-Cyano-1-phenylethyl)-3-methylcyclohex-1-en-1-yl trifluoromethanesulfonate (270).

A flame-dried two-necked 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring
bar and a rubber septum was charged with 266 (551 mg, 1.53 mmol) and anhydrous THF (6 mL).
After the resulting solution was cooled to —60 °C, LDA (2.0 M, 0.84 mL, 1.68 mmol) was added
dropwise. The solution was stirred for 40 min, at which time methyl iodide (286 pL, 4.6 mmol)
was added, and the reaction mixture was stirred at —60 °C for 1 h. The reaction was quenched with
saturated aqueous ammonium chloride and diluted with diethyl ether. After phase separation, and
the aqueous layer was extracted twice with diethyl ether. The combined organic extracts were
washed with brine, dried over anhydrous magnesium sulfate, and filtered. The filtrate was
concentrated under reduced pressure to give a crude material, which was purified by silica gel
column chromatography (hexane/diethyl ether = 5:1) to afford the corresponding enol triflate 270
(476 mg, dr = 65:35, 1.27 mmol, 83%) as a colorless oil. Ry= 0.25 (hexane/diethyl ether = 5:1);
IR (ATR, cm™): 2952, 2236, 1418, 1243, 1210, 1142, 704; '"H NMR (400 MHz, CDCl;): & 7.48—
7.32 (m, 5H), 5.78 (s, 0.65H), 5.62 (s, 0.35H), 2.33-2.16 (m, 2H), 1.90-1.63 (m, 3.3H), 1.80 (s,
1.05H), 1.78 (s, 1.95H), 1.40-1.31 (m, 0.65H), 1.20 (s, 1.95H), 1.11 (s, 1.05H); *C NMR (100
MHz, CDCl;): 6 151.0, 150.7, 136.4, 136.1, 128.4, 128.3, 128.1, 122.8, 122.7, 122.6, 118.6 (major
diastereomers: q, 'Jcr =318 Hz), 50.5,49.7,43.2, 43.1, 30.5,29.7,27.41, 27.36, 24.1,23.5, 21 4,
21.3,19.8, 19.4; F NMR (376 MHz, CDCl3): § —77.15, —77.21; HRMS (DART") m/z: caled. for

Ci7H19F3NOsS, 374.1038 [M+H]"; found, 374.1023.

3-(1-((tert-Butoxycarbonyl)amino)-2-phenylpropan-2-yl)-3-methylcyclohex-1-en-1-yl
trifluoromethanesulfonate (271).

A flame-dried 50-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
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rubber septum was charged with starting nitrile 270 (474 mg, 1.27 mmol) and anhydrous
dichloromethane (12.7 mL). After the resulting solution was cooled to —10 °C, DIBAL (1.01 M
in toluene, 1.89 mL, 1.91 mmol) was added dropwise. The solution was stirred at —10 to 0 °C
(gradient) for 3 h, at which time to the solution was added sodium borohydride (153 mg, 3.8
mmol) and anhydrous methanol (4.6 mL), and the resulting solution was stirred at room
temperature for 2 h. Triethylamine (0.21 mL, 1.5 mmol) and di-fert-butyl dicarbonate (0.33 g, 1.5
mmol) was added, and the reaction mixture was stirred at room temperature for 27 h. The reaction
was quenched with 1 N aqueous sodium hydroxide and diluted with H,O. After phase separation,
the aqueous layer was extracted with dichloromethane two times. The combined organic extracts
were washed with brine, dried over sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to give a crude material, which was purified by silica gel column
chromatography (hexane/diethyl ether = 4:1) to afford the corresponding enol triflate 271 (325
mg, dr = 62:38, 0.681 mmol, 54%) as a colorless oil. Rr= 0.29 (hexane/diethyl ether = 4:1); IR
(ATR, cm™): 2978, 1714, 1504, 1416, 1366, 1244, 1209, 1170, 1143, 1024, 900, 853, 759, 707,
"HNMR (400 MHz, CDCls): § 7.40-7.26 (m, 5H), 5.65 (s, 0.62H), 5.57 (s, 0.38H), 4,28-4.14 (m,
1H), 3.86-3.55 (m, 2H), 2.30-2.08 (m, 2H), 1.83-1.62 (m, 3H), 1.50-1.42 (m, 1H), 1.41 (s, 1.1H),
1.39 (s, 1.9H), 1.37(s,9H), 0.97 (s, 1.1H), 0.89 (s, 1.9H); *C NMR (100 MHz, CDCl3): § 156.3,
149.3, 149.1, 141.5, 141.2, 128.9, 128.6, 128.2, 128.1, 126.8, 124.4, 124.1, 118.6 (major
diastereomer: q, 'Jor = 318 Hz), 79.42, 79.38,48.3, 48.2, 44.8, 44.6, 42.3, 41.8, 29.8, 29.6, 28 4,
27.3,23.0,22.9,20.00, 19.95, 19.6, 19.2; ’F NMR (376 MHz, CDCl3): § —77.3; HRMS (DART")

m/z: caled. for C»H3 1 F3sNOsS, 478.1875 [M+H]*; found, 478.1856.

(3,3a-Dimethyl-3-phenyl-2,3,3a,4,5,7a-hexahydro-1H-indol-1-y1)(2,2,6,6-

tetramethylpiperidin-1-yl)methanone (273).
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A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 271 (43.6 mg, 0.0913 mmol) and anhydrous THF
(1.8 mL). To the mixture was added Mg(TMP)-2LiCl (0.298 M, 1.84 mL, 0.55 mmol) at room
temperature. After stirring at 60 °C for 3.5 h, the reaction mixture was treated with saturated
aqueous ammonium chloride. The resulting mixture was extracted with diethyl ether (2 mL) three
times. The combined organic extracts were dried over anhydrous sodium sulfate and filtered. The
filtrate was concentrated under reduced pressure to give a crude material, which was purified by
preparative TLC (hexane/diethyl ether = 9:1) to afford the title compound (4.7 mg, 0.0119 mmol,
13%). IR (ATR, cm™): 2950, 2927, 2854, 1640, 1391, 1379, 1261, 1128, 1105, 1019; '*C NMR
(100 MHz, CDCls): 6 163.2, 146.4, 128.0, 127.9, 127.4, 126.3, 124.3, 61.9, 60.1, 56.0, 55.0, 48.5,
44.1, 40.4, 40.2, 27.0, 26.3, 23.2, 20.2, 18.1, 16.9; HRMS (DART") m/z: calcd. for C26H39N>0O,

395.3062 [M+H]"; found, 395.3070.

3-(1-Cyano-1-phenylbut-3-en-1-yl)-3-methylcyclohex-1-en-1-yl trifluoromethanesulfonate
(274).

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with 266 (776 mg, 2.16 mmol) and anhydrous THF (8.6 mL). After
the resulting solution was cooled to —60 °C, LHMDS (1.0 M in THF, 2.38 mL, 2.4 mmol) was
added dropwise. The solution was stirred for 45 min, at which time allyl bromide (0.55 mL, 6.5
mmol) was added, and the reaction mixture was stirred at 0 °C for 16 h. The reaction was quenched
with saturated aqueous ammonium chloride and diluted with diethyl ether. After phase separation,
and the aqueous layer was extracted twice with diethyl ether. The combined organic extracts were
washed with brine, dried over anhydrous magnesium sulfate, and filtered. The filtrate was

concentrated under reduced pressure to give a crude material, which was purified by silica gel
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column chromatography (hexane/diethyl ether = 5:1) to afford the corresponding enol triflate 274
(849 mg, dr = 74:26, 2.13 mmol, 98%) as a white solid. Ry=0.29 (hexane/diethyl ether = 5:1); IR
(ATR, cm™): 2966, 1418, 1248, 1209, 1139, 893, 814, 708, 605; "H NMR (400 MHz, CDCl;): &
7.46-7.31 (m, 5H), 5.82 (s, 0.74H), 5.68 (s, 0.26H), 5.60-5.45 (m, 1H), 5.20 (dd, 0.24H, J = 16.8,
1.6 Hz), 5.17 (dd, 0.76H, J=17.2, 1.6 Hz), 5.11-5.04 (m, 1H). 3.00 (dd, 0.76H, J = 14.4, 6.4 Hz),
2.94 (dd, 0.24H, J = 14.4, 6.4 Hz), 2.81 (dd, 0.24H, J = 14.4, 6.8 Hz), 2.72 (dd, 0.76H, J = 14.4,
7.2 Hz), 1.97-1.64 (m, 3.4H), 1.46-1.38 (m, .0.76H), 1.23 (s, 2.2H), 1.07 (s, 0.8H); '*C NMR
(100 MHz, CDCls): & 150.8, 150.7, 133.31, 133.27, 132.2, 132.0, 128.8, 128.5, 128.4, 122.8,
121.5,121.3,121.2,120.3, 120.1, 118.6 (major diastereomer: q, 'Jcr =318 Hz), 56.8, 55.9, 43.6,
43.4,37.1, 36.6, 31.0, 30.0, 27.4, 24.4, 24.1, 19.9, 19.4; 'F NMR (376 MHz, CDCls): 6 —77.15.

—77.21; HRMS (DART") m/z: calcd. for Ci9H1F3NOsS, 400.1194 [M+H]"; found, 400.1179.

2-(5-Methylcyclohexa-1,5-dien-1-yl)-2-phenylpent-4-enenitrile (277).

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with enol triflate 274 (147.2 mg, 0.369 mmol) and anhydrous THF
(7.4 mL). To the mixture was added Mg(TMP)-2LiCl (0.331 M, 3.34 mL, 1.11 mmol) at room
temperature. After stirring at 60 °C for 1.5 h, the reaction mixture was treated with saturated
aqueous ammonium chloride. The resulting mixture was extracted once with diethyl ether. The
combined organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure to give a crude material, which was purified by silica gel
column chromatography (hexane/diethyl ether = 19:1) to afford the title compound (53.9 mg,
0.216 mmol, 59%) as a yellow oil. R;= 0.36 (hexane/diethyl ether = 19:1); IR (ATR, cm™'): 2927,
2874, 2827, 2237, 1657, 1600, 1493, 1447, 992, 922, 754, 698; 'H NMR (400 MHz, CDCl5): &

7.42-7.27 (m, 5H), 5.89 (t, 1H, J = 4.2 Hz), 5.76-5.63 (m, 1H), 5.41-5. 73 (m, 1H), 5.19-5.15
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(m, 1H), 2.88 (dd, 1H, J = 14.0, 7.2 Hz), 2.80 (dd, 1H, J = 14.0, 7.2 Hz), 2.30 (td, 2H, J = 9.6, 4.8
Hz), 2.06 (t, 2H, J = 9.4 Hz), 1.72 (s, 3H); *C NMR (100 MHz, CDCl3): § 138.7, 138.1, 134.4,
132.2, 128.8, 128.0, 127.0, 121.5, 120.2, 119.8, 118.2, 51.0, 41.4, 27.9, 23.6, 23.1; HRMS

(DART™) m/z: calcd. for CisHxoN, 250.1596 [M+H]*; found, 250.1602.

4-Phenylpent-4-en-1-ol (283).

A 500-mL two-necked flat-bottomed flask equipped with a Teflon-coated magnetic stirring bar, a
rubber septum, and three-way stopcock was charged with phenylboronic acid (281: 3.955 g, 32.4
mmol) and Pd(PPhs)4 (0.936 g, 0.81 mmol). The flask was evacuated and backfilled with argon
three times. To the mixture was added 4-pentyn-1-ol (282: 2.50 mL, 27.0 mmol), 1,4-dioxane (81
mL) and acetic acid (0.31 mL, 5.4 mmol) at room temperature. After stirring at room temperature
for 10 min, the resulting yellow solution was stirred at 80 °C for 20 h, at which time the reaction
mixture was filtered through Celite. The filtrate was concentrated under reduced pressure to give
a crude material, which was purified by silica gel column chromatography (hexane/diethyl ether
= 1:1) to afford the corresponding alcohol 283 (2.68 g, 16.5 mmol, 61%) as a orange oil, whose

spectroscopic data were corresponding with those reported in the literature.*

(5-Bromopent-1-en-2-yl)benzene (284).

A 100-mL round-bottomed flask was charged with 4-phenylpent-4-en-1-ol (283: 788 mg, 4.86
mmol), PPh; (1.53 g, 5.8 mmol), imidazole (666 mg, 9.8 mmol), and dichloromethane (32 mL).
After the resulting solution was cooled to 0 °C, carbon tetrabromide (1.93 g, 5.8 mmol) was added.
The solution was stirred at room temperature for 1.5 h, at which time the reaction was diluted
with hexane. The resulting suspension was filtered through a short pad of silica gel and the filtrate

was concentrated under reduced pressure to give a crude material, which was purified by silica
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gel column chromatography (hexane) to afford the corresponding bromide 284 (758 mg, 3.37
mmol, 69%) as a colorless oil, whose spectroscopic data were corresponding with those reported

in the literature.®’

Activation of Zn powder

A 100-mL round-bottomed flask was charged with zinc powder (oakwood, 325 mesh, 2,51 g) and
1 M hydrochloric acid (10 mL). The suspension was stirred at room temperature for 5 min and
filtered with Kiriyama funnel. The zinc powder was washed twice with water, acetone and diethyl
ether and dried under reduced pressure at 100 °C for 1.5 h to afford the activated zinc powder

(221 g, 88%).

3-Methyl-3-(4-phenylpent-4-en-1-yl)cyclohex-1-en-1-yl trifluoromethanesulfonate (288).

A flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar and a
rubber septum was charged with activated zinc (139 mg, 2.1 mmol), iodine (25 mg, 0.10 mmol),
and DMA (1.2 mL). The suspension was stirred vigorously at room temperature until the color
faded (3 min), and to this gray suspension was added (5-bromopent-1-en-2-yl)benzene (284: 343
mg, 1.5 mmol) in DMA (0.40 mL). After stirring at 80 °C for 3 h and 100 °C for 0.5 h, the reaction
mixture was cooled to 0 °C and copper(I) cyanide (45.4 mg, 0.51 mmol) in DMA (2.0 mL). The
suspension was stirred for 10min, at which time trimethylsilyl chloride (305 pL, 2.4 mmol) and
3-methyl-2-cyclohexen-1-one (114 puL, 1.0 mmol) were added dropwise at 0 °C. After the solution
was stirred at room temperature for 3 h, the reaction was quenched with saturated aqueous sodium
bicarbonate and diluted with diethyl ether. After phase separation, and the aqueous layer was
extracted twice with diethyl ether. The combined organic extracts were washed twice with water

and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated under reduced
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pressure to give a crude material, which was purified by silica gel column chromatography
(hexane with 1% Et:N) to afford the mixture of desired silyl enol ether 286 and 2-phenyl-1-
pentene 287 (331 mg, 286:287 = 1.0:ca. 0.7, determined by '"H NMR) as a colorless oil.

An another flame-dried 20-mL Schlenk tube equipped with a Teflon-coated magnetic stirring bar
and a rubber septum was charged with the mixture of silyl enol ether 286 and 2-phenyl-1-pentene
(287: 331 mg, ca. 0.75 mmol) and THF (1.5 mL). After the resulting solution was cooled to 0 °C,
methyllithium (3.1 M in dimethoxyethane, 339 uL, 1.05 mmol) was added dropwise. The solution
was stirred at 0 for 45 min, at which time to the solution was added TMEDA (0.74 mL, 3.8 mmol)
and N-phenylbis(trifluoromethanesulfonimide) (374 mg, 1.05 mmol) in THF (1.1 mL). The
reaction was stirred at 0 °C for 1.5 h, quenched with water and diluted with hexane:ethyl acetate
= 99:1. After phase separation, and the aqueous layer was extracted twice with hexane:ethyl
acetate = 99:1. The combined organic extracts were washed twice with water and brine, dried
over sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a
crude material, which was purified by silica gel column chromatography
(hexane;dichloromethane = 9:1) to afford the corresponding enol triflate 288 (173 mg, 0.45 mmol,
45% over 2 steps) as a colorless oil. Ry= 0.22 hexane;dichloromethane = 9:1); IR (ATR, cm™):
2943, 2870, 1416, 1245, 1208, 1143, 958, 611; 'HNMR (400 MHz, CDCls): § 7.43-7.24 (m, 5H),
5,45 (s, 1H), 5.27 (d, 1H, J = 1.2 Hz), 5.05 (d, 1H, J = 0.8 Hz), 2.51-2.45 (m, 2H), 2.32-2.20 (m,
2H), 1.82-1.68 (m, 2H), 1.47-1.28 (m, 6H), 0.97 (s, 3H); *C NMR (100 MHz, CDCI;):  148.6,
148.3,141.3,128.4,127.5,127.2,126.2,118,7 (q, 'Jcr =318 Hz), 112.6, 41.8, 35.90, 35.87, 33 .4,
27.7, 26.8, 22.5, 19.6; 'F NMR (376 MHz, CDCl;s):  —77.0; HRMS (DART") m/z: calcd. for

C19H24F3038S, 389.1398 [M+H]"; found, 389.1394.
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K LT, mWISHEEZ AT 20T TR TH Ly 7uT kBl r7my
LY OFHIFALEOBRICE L TRk~ 7z, RO Y 7 a7 v URAEORT 5, i
IRRORGE R L OVEME R B AR & WV D 2 DORMEAIZER L, 210 OFRE & ik
DHAEEZBRIE LTc, WEROFRY F U LRISH72 E ORI G, X0k &
LTI RV U LABLIOHECT VI = L7 EO&ET I NEIIZHEHE L, {b58ER
Mo ke v 7 a7 % OMERRBIRICEI LTz, £, RICATES 7 b
Mo 1 BBECAKARERT ) — L N ) 7T — hEIEE LTRET D2 & T, ZEHO
BRBEThoT ko Vv ) — )V N 77— e Wb AEEL S, v 7 nr
TR DIANET D TR OHIBICKE LTz, OB LM 7 =~ RIS AETET,
BRI L DNREEZRAL, B7e b oNEEZHIET STy ru T LR L
TR 7 uaT L OFAEICHISHAARETH D, AFEAIEI LV BB TOIAENA]
e otz a7 Ao raTl Ly ERAWD Z LT, BRNIGHA~O E#Y &
2% EHWTE D,

1 E T, MOTHPRIEOMEROIAER L O, A R B4 fEfr s itk U
Tzo TNZENONEEDIELEENATLRMBLOCENZEL DL LT, T RE
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F2ETIE, BT I REAWDLHT 7 iy 7 a7 v o RO T A LD
FHIZOWTHERT, 77 honb 1 BBECERRERT ) — /L ) 77— MIktL, ¥7
BT VX L OREICEE R~ T AT LT I REREf Lz, ZORR, v~/ *v U AE
A(2,2,6,6-7 kT AF)LERY U R): Mg(TMP),-2LIiCl & W 72BRIC, \bahRL< v 7
BT VR UINRAE LT, BAELEFRIERIE, 13-V 7 2= YR T T L D[4+2]
MBS B L, 7V =7 ¥ K & OBRISINBLISIC X 0 L, shisd 5 4F
MRZEST, £, FFE, FEFCEMOBERBEOR A CORAEICHA I T
D, HEHRLT NI =T LAOT I FEERICHERL, TMP &2 F 72527 /03— MY
WA AVBRC, 7 m~F v U R ERBAET D 2 ERbh oo, ARALETIE
EHEEAT L 7 0TV R R TRAEVE THL Z L2 AT L L BIC
TATNVEERT DY 7 u~F o b RE LI LD, 1EROAIEY) F U LARSH %
AWABT v N TR, mUVWERERIFENHGR CX o, £/, v /X U A
LV ERRBEENREWTAI =V LOERT I REEEZHWD &, o7 7 EOFES A
RECTHY, 7 m M FEICEIT 2 EREFEZ N LS 2 N TE R, Z0F
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